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Abstract 
The need to accurately position people and infrastructure is integral to today’s society and the way 
we live day to day. As such there is a substantial reliance on survey infrastructure as it is the 
fundamental layer that underpins the cadastre’s integrity along with governing the positional and 
spatial accuracies of the defence, construction, agricultural and surveying industries. The question as 
to whether survey infrastructure in its current form is adequately administered to meet the needs of 
modern society and its futures aspirations will be examined. 
There is a developing crisis facing survey infrastructure as it is being destroyed at an exponential 
rate. It is inevitable that the loss of survey infrastructure will occur as cities grow and develop; 
however, how the profession manages survey infrastructure into the future will depend on a 
number of factors. This research investigated the current legislative requirement to preserve survey 
infrastructure, what innovations are being implemented, who is the absolute owner, marking 
requirements and whether GNSS could replace ground monuments moving into a digital world.    
This project used a combination of methods that when joined together achieved the overall desired 
outcomes of how to strategically manage survey infrastructure into the future. A tiered level 
approach was adopted by undertaking case study analyses of an international case, several state 
jurisdictions, and two detailed case studies. A questionnaire was developed that formed the 
foundation of this research and was distributed to 128 NSW Councils and four NSW surveying 
institutions.  
There were a total of 324 respondents to the online questionnaire and in addition to the 
respondents answers, there was 685 individual comments made. Of this, 75% of participants were 
surveyors and the remaining 25% being of a related profession. The majority, being 47% of 
participants believe that the Surveyor General is the absolute owner of survey infrastructure in NSW, 
followed by the LPI. Overwhelmingly, 94% of respondents were aware that significant fines apply for 
destroying or disturbing survey infrastructure, only 6% were unaware. All jurisdictions consulted 
have a genuine desire to preserve survey infrastructure with standardised approaches. The New 
Zealand case study highlighted the critical importance of survey infrastructure and the role it plays in 
devastating times.  
The detailed case studies of Ryde LGA and the Blue Mountains LGA revealed that irrespective of the 
LGA the destruction rate does not discriminate. A vital link was established between the valuation of 
property and the valuation of the supporting survey infrastructure. The terminology ‘future 
management’ is more than protection and longevity, but rather how best to achieve greater 
awareness, preservation and of the importance of survey infrastructure and link it with a financial 
measure that decision makers can better relate to. 
This research formulates the foundation needed to ensure the longevity and future ambitions for 
survey infrastructure for both the profession and the community. From the results of this project 
and in conjunction with the literature review, 10 recommendations were put forward and if adopted 
could assist in shaping the future use, management, understanding and appreciation of survey 
infrastructure. It is paramount that strategic management of survey infrastructure transpires as it 
underpins the integrity of the cadastre and supports trillions of dollars of real estate, public 
infrastructure together with Australia’s national defence systems. 
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Australia is in the midst of an infrastructure and construction boom which has resulted in the 
economy growing at a rapid rate, as such, the need to provide suitable, strategic and sustainable 
infrastructure is essential for the future of the country. The Australian Spatial Data Infrastructure 
(ASDI) is a national framework for linking users with providers of spatial information. The ASDI 
comprises of the people, policies and technologies necessary to enable the use of spatially 
referenced data through all levels of Government (ICSM 2017 ). 
The ASDI comprises of many components, most importantly survey infrastructure. Survey 
infrastructure is the fundamental element that consists of survey ground marks that underpin all 
spatial infrastructures within the ASDI.  The reliance and the importance of these critical survey 
marks are often not understood or appreciated by decision makers and is largely undervalued 
throughout all levels of Government (McDougall 2005). 
This research was developed as it has been identified throughout the surveying profession and 
industry bodies that this vital survey infrastructure that is fundamental to both the ASDI and the 
underpinning of the cadastre’s integrity is being destroyed at an exponential rate.  
The loss of survey infrastructure adversely affects the Government’s ability to provide a level of 
quality assurance to facilitate the State and National control networks which governs the positional 
and spatial requirements of the construction and agricultural industry.  
Australia’s land and property titling system is based on a Torrens title structure, in which, the State 
Government guarantees the indefeasibility of title for every parcel of land in its jurisdiction. This 
structure underpins billions of dollars worth of economic activity and trillions of dollars worth of real 
estate.  The cadastre is the official register of all property and its integrity is upheld and supported 
by survey infrastructure in the form of ground survey marks. 
Survey infrastructure is the fundamental layer that essentially connects the cadastre to the ground 
with a great deal of confidence and integrity. The Surveying and Spatial Information Act 2002 has 
imposed requirements to protect and maintain all survey infrastructure however in reality 
development will always occur and the ability to police or monitor protection of survey 
infrastructure is extremely difficult.  
 
With such a heavy reliance on this invaluable survey infrastructure and with the emergence of 
rapidly growing technology, such as, Global Navigation Satellite System (GNSS), Continuously 
Operating Reference Stations (CORS) and with the modernisation of Australia’s new datum, the 
question has to be asked to whether the current survey infrastructure is adequate to meet the needs 
of modern society and its futures requirements.  
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This research will investigate a project around the preservation of survey infrastructure and to 
investigate how both private practice and Government such as NSW Councils and the Roads and 
Martine Services (RMS) are addressing the large scale destruction of survey infrastructure. From this 
it is hoped that best practice guidelines could be developed to help the future management of 
preservation of survey infrastructure within their policies. 
 
1.2. Statement of the Problem 
 
There is an existential crisis facing survey infrastructure(de Belin 2016) within NSW and indeed 
Australia. Doig (1986) has described it as an open season on monuments with large scale losses of 
invaluable survey infrastructure over the past there decades.  
Survey infrastructure is just like any other type of critical infrastructure that serves any city, and as 
such, requires the same amount of protection and preservation just like electricity, water and gas 
services warrant.  
Ironically, the Government organisations trying to preserve survey marks are the greatest destroyers 
of survey infrastructure (Noad 2016). This comes as no surprise as Government departments are the 
largest infrastructure builders in most countries.  It is estimated that over $1million dollars’ worth of 
permanent survey mark are destroyed each year in NSW (LPI 2016a) and this does not include the 
loss in value of destroyed cadastral marks or the lost value to the community and industry that 
survey marks provide. Figure 1.1 is a prime example of survey infrastructure that has been destroyed 
due to road construction and Figure 1.2 is an example of a permanent survey mark being protected 
during road construction. 
The Surveying and Spatial Information Regulation 2012 together with the Surveyor General’s 
Directions No. 11 ‘Preservation of Survey Infrastructure’ is due for review this year (2017) and 
projects like this can shape and influence potential changes in legislation and regulations that govern 
how the surveying profession undertake their duties. 
It is imperative that the extent and impact of the destruction of survey infrastructure is documented 
in creditable literature so that decision makers can understand and appreciate the problem at hand. 
This research should be the catalyst for the profession to address this issue and ensure the 
strategical future management of survey infrastructure within NSW. It is inevitable that loss of 
survey infrastructure will occur as cities grow and develop, however how the profession manages 
survey infrastructure into the future will depend on a number of factors. This project will look at a 
number of those factors within the scope, limitations and timeframes. 
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1.3. Significance of the Study 
 
The national coordination of Australia’s survey mark infrastructure is undertaken by the 
Intergovernmental Committee on Surveying and Mapping (ICSM). The ICSM was established to 
provide leadership and cooperation on surveying and mapping activities in Australia and New 
Zealand. The Australian Defence forces also have strategic interests in relation to national and 
international defence surveying, mapping and charting responsibilities(McDougall 2005). All these 
activities are dependent on a stable, accurate and reliable survey infrastructure dataset.  
Cadastral reference marks and permanent survey marks are fundamental in maintaining the 
integrity of the State cadastre and State and National geodetic control networks. The ability for the 
State to guarantee indefeasibility of title without contention is why NSW, and indeed Australias land 
tenure system is so secure. With evidence of large scale destruction of survey infrastructure within 
NSW, concerns from the spatial science industry have arisen in relation to how to best manage the 
preservation of survey infrastructure. 
Over the past twenty years, GNSS has been increasing in both accuracy and use as an effective tool 
to derive position and height throughout the world in the fastest and most efficient manner (Brown 
2010; de Belin 2014). With such an accurate and effective tool readily available to the surveying 
profession and indeed the general public, one could ask the question, ‘why is all this survey 
infrastructure even needed? Can’t GNSS be used for all applications?’ This question is the common 
mentality from the general public as there is little understanding on how the surveying profession 
undertake their duties. 
Cadastral reference monuments underpin the integrity of the cadastre (not GNSS) and permanent 
marks are used to connect and update the Digital Cadastral Database (DCDB). The DCBD is a 
fundamental layer that all mapping geographical Information Systems (GIS) utilise as a reference 
framework to connect and link all other spatial layers and frameworks together.   
The need to investigate how to best protect the States survey infrastructure as outlined above is 
paramount in order for the NSW Government to guarantee the Torrens Title system together with 
the integrity of the cadastre and a stable control reference framework to support trillions of dollars 
of public infrastructure and Australia’s national defence systems.  
 
1.4. Aims and Objectives 
 
The aim of this research project is to investigate and analyse the current legislative requirements to 
protect survey infrastructure, to examine the rate of loss at which it is occurring within the chosen 
case study areas, and make possible recommendations.  On completion of the analysis of both the 
questionnaire and the case studies it will demonstrate what Government departments and private 
practice are doing to preserve survey infrastructure. This research together with an in-depth 
literature review will provide the reader with a greater understanding of the importance of survey 
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infrastructure. From this, it will be possible to develop a set of guidelines and procedures that could 
be used as ‘best practice’ for preserving survey infrastructure.  
The main objective of the project is to investigate and research innovative strategies for the future 
management of survey infrastructure. This project will investigate what type of ‘permanent mark’ 
(either a state survey mark or a permanent mark as defined by the Act) should be placed in order to 
prolong its longevity with integrity. Types and location of reference marks will also be examined.      
The results from the questionnaire will address key issues that will demonstrate which occupations 
in the spatial science committee have an appreciation for survey infrastructure and who the 
participants believe own survey infrastructure. This is of significance as the ownership of survey 
infrastructure determines the longevity, maintenance schedules, and funding for the marks lifespan.     
With the increasing use of GNSS in surveys across NSW, an objective of this research is to determine 
whether survey infrastructure is needed at all and if GNSS can replace the traditional ‘monument’ 




The current legislative requirements to protect and maintain survey infrastructure is stated in the 
Surveying and Spatial Information Act 2002, and the Surveyor General’s Directions No. 11 
“Preservation of Survey Infrastructure”. 
This project will investigate the above requirements to preserve survey infrastructure and to analyse 
current procedures (if any) that private practice and Government departments, particularly local 
Councils and RMS, within NSW are implementing to address the preservation of survey 
infrastructure.  The project will further investigate how other Australian States and jurisdictions have 
implemented their own policies to preserve survey infrastructure and compare and contrast them all 
to determine the most affective mitigation measures.  
As this research problem is not only isolated to Australia and its borders, supplementary   
investigation will be conducted abroad to determine how other countries are dealing with the 
problem and their strategies put in place to address the issue.  
The how and why of the original intention of placing survey infrastructure will be also investigated to 
determine the most appropriate monument to place and how best to preserve it. 
The research will examine issues raised by the spatial science community through the use of a 
questionnaire sent out to all NSW Councils and practicing professionals affiliated with surveying 
institutions. The analysis of case studies within the Sydney region will also be examined to tie the 
theory into practical locations to identify the extent of the loss of survey infrastructure.    
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1.6. Chapter Conclusion 
 
The need to undertake this dissertation has been clearly explained and arises from the changing 
environment that has been evolving over the past few decades. With multibillion dollar construction 
and infrastructure projects occurring simultaneously across NSW and Australia, the spatial science 
community has never faced such a challenging time and the need to preserve fundamental survey 
infrastructure is paramount to the success of the country. 
Investment, infrastructure and the nation’s security is dependent upon a reliable and accurate 
spatial data infrastructure that connects all levels of users with sound data that enables leaders to 
make informed decisions. If the foundation layer that underpins all data sets is being destroyed or 
comprised then it degrades the integrity of all subsequent data sets.   
By achieving the aims and objectives of this research it is anticipated that a meaningful and 
important contribution can be made to the surveying industry, that provides a detailed 
understanding of how to move forward with preserving survey infrastructure within the given scope 
of this dissertation.   
Chapter two of this dissertation provides the reader with an in-depth literature review that outlines 
and explains the importance of survey infrastructure. Creditable sources give an understanding of 
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Chapter Two   
 




The aim of this literature review is to provide information on the history and evolution of survey 
infrastructure, why reference and permanent marks are placed in the ground, the relationship 
between these monuments and the cadastre together with what organisations are doing to preserve 
survey infrastructure. Legislations and guidelines will be heavily consulted as this is how the 
surveying profession undertakes the day to day duties. The custodian ownership will also be 
examined to try and link the responsibilities of ownership to understand who should be accountable 




Surveying is one of the world’s oldest professions, from the ancient Sumerians, Greeks, Romans to 
the Egyptians, all of which have utilized surveying principles in their thirst for conquests and the 
need to honour their cultures with their monolithic building projects. 
Therefore, logic would suggest that the concept of protecting survey monuments dates back to 
biblical times. There are many famous bible references that all have the same concept and theory, 
mark preservation. 
The English translation of the Old Testament, Deuteronomy-19:14  reads; “Thou shall not remove 
thy neighbour’s boundary mark which the ancestors have set in stone”. 
Deuteronomy-27:17  reads; “Cursed be he that removeth his neighbour’s landmark. And all the 
people shall say, Amen”. 
Proverbs-22:28 ; “remove not the ancient landmark, which thy fathers have set”  
All the above quotes reinforce the same theme of mark preservation which has been transformed  
into  modern day legislation;  Section 24 (1) of the Surveying and Spatial Information Act 2002 states: 
a person must not remove, damage, destroy, displace, obliterate or deface any survey mark unless 
authorised to do so by the Survey-General (NSW Legisation 2002). 
Since Australia’s colonisation in 1788, and the appointment of NSW’s first Surveyor General 
Augustus T. H. Alt, the practice of leaving marking behind for the next surveyor to use has been 
executed in some shape or form.  
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Going back to the Public Roads Act of 1833, the permanent marking of roads was recognised as a 
matter of importance (Dunstan 2017) .The first recorded survey direction was in 1836 from Surveyor 
General Mitchell to all surveyors and the first specification for corner marking was in 1848. The 1848 
circular quoted in item three; 
 
3. “Every measured portion must be firmly marked at each corner, by driving in stakes where the 
soil will admit of it, or by cutting into rocks, whenever they may occur, at the corners. The marks 
in the rocks are to be broad arrows, crosses, triangles or squares, and each licensed surveyor is 
requested to preserve uniformity in his own marks, so that they may be easily described and 
recognised. Marks made by former surveyors are to be noted, but not to be interfered with” 
(Marshall 2002). 
The 1848 circular made reference to marks “not to be interfered with” however is was not until the 
1901 Survey Regulation that an amendment was made to allow for a conviction for wilful 
destruction of survey marks.  Item 133 and item 134 of the 1901 Survey Regulation was titled 
‘Survey Marks Protection of’ and stated;  
133. “It is desirable to report any case of wilful destruction of a survey mark, when it may come 
under notice, and when the circumstances admit of prosecution of the offence under the Act 16 
Victoria No. 15, The particulars required to enable successful prosecution are the full names and 
place of residence of the person offending; the place; the date of offence; the names of any 
witness and residence; the specific mark destroyed;”  
 
134. “It is very desirable that any well-authenticated case be made the subject of report to the 
District Surveyor, with a view to prosecution; steps being thus taken for protection of survey 
marks, the mischievous destruction of which causes much inconvenience and loss of time” 
(Marshall 2002). 
The creation of the Survey Mark Act of 1902 saw that a Government survey mark was now to be 
protected under this Act and that a ten pound fine applied for the destruction of such marks (NSW 
Legisation 1902).  
From this passage in time it was recognised by the NSW Government that survey marks must be 
protected by legislation and it has remained in subsequent laws until the present day. Figure 2.1 is a 
photo of an alignment stone that was placed in 1892 by Alignment Plan R2-2532 (see Appendix B- 
Alignment Plan R2-2585) in Leura town centre, NSW.  As it can be seen this mark is in excellent 
condition and has remained in the same location for over 125 years. This alignment stone is the 
primary reference mark for boundary determination in Leura Mall and still in use to this day. Figure 
2.1 represents the power of preservation. 
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The Surveying and Spatial Information Act 2002 is the principal piece of statue that legislates and 
governs how the spatial science profession undertake their practices. There are few occupations in 
Australia that have a dedicated Act that administers the profession and how it undertakes its duties. 
The objective of the act is to; 
a. to provide for the registration of land surveyors and mining surveyors to ensure that only 
appropriately qualified persons carry out land surveys and mining surveys, and 
b. to ensure that registered surveyors provide services to the public in a professional and 
competent manner, and 
c. to provide for the maintenance of a State cadastre and ensure its integrity, and 
d. to provide for the co-ordination of surveys carried out by public authorities and for the 
establishment of a State control survey, and 
e. to provide for the investigation of, and the giving of advice to the Government relating to, 
the collection, collation and dissemination of spatial information other than surveys. (NSW 
Legisation 2002) 
 
The major objective of the Act is to ensure the maintenance and on-going development of the State 
survey control network, which provides a reliable and accurate spatial referencing system 
underpinning surveying, land information and mapping systems in NSW (Gardner 2013). 
In order for the objective of the Act to be achieved section 9 discusses the maintenance and repair 
of permanent survey marks and states; 
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1. The Surveyor-General may, from time to time, cause notice to be given to any public 
authority of the location of any permanent survey marks that are located on land that is 
subject to the authority’s control or management. 
2.  A public authority to which such a notice is given must ensure that all permanent survey 
marks identified in the notice are kept in good condition and repair. 
3.  On the application of a public authority to which such a notice is given, the Minister may 
direct that it is the duty of the Surveyor-General, and not the public authority, to keep any or 
all of the permanent survey marks concerned in good condition and repair. (NSW Legisation 
2002) 
It is clear that the intention of the document writer was to preserve the integrity of the cadastre as 
well as preserve all survey infrastructures.  To assist in the preservation of survey infrastructure 
section 24 Removal Etc of Survey Marks was drafted to discourage the removal and destruction of 
survey in infrastructure though the use of fines and penalties; 
1. A person must not remove, damage, destroy, displace, obliterate or deface any survey mark 
unless authorised to do so by the Surveyor-General. Maximum penalty: 25 penalty units. 
2. A court that finds a person guilty of an offence under this section may, in addition to any 
penalty it imposes, make either or both of the following orders: 
a) it may order the person to pay compensation, totalling not more than $10,000, to the 
Surveyor-General towards the cost of reinstating the survey mark, 
b)  it may order the person to pay compensation, totalling not more than $10,000, to 
any other person towards any loss or damage suffered by that person as a 
consequence of the offence. 
3.  An order for compensation referred to in subsection (2) is enforceable by the person to 
whom the compensation is ordered to be paid as if it were a judgment of the Local Court 
exercising jurisdiction under the Civil Procedure Act 2005 (NSW Legisation 2002). 
Whilst it is clear in statute that any survey mark that is destroyed will incur a maximum penalty of 
$22,750 if prosecuted and found guilty by a court of law, there has been very little history of the 
Surveyor-General taking those suspected of destroying survey marks to court (Noad 2013b).  
Noad (2013b) In his journal article discusses the issue of the Surveyor-General not prosecuting 
offenders, despite his powers, and that catching the offender is extremely difficult and may result in 
a reluctance to prosecute as it may be too difficult to prove.   
Further to this, the newly appointed Surveyor General of NSW has recently commented on the 
Office of the Surveyor Generals inability to prosecute under the current legislation, however greater 
efforts will be perused to reinforce the importance of survey infrastructure (Underwood 2017b).  
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2.4. Regulations and Directions 
 
The Surveying and Spatial Information Regulation 2012 is made under The Surveying and Spatial 
Information Act 2002. The objectives of the regulation is to ensure the competency of surveyors, 
maintain the integrity of the cadastre for New South Wales and ensure measurement and marking 
standards are delivered from modern surveying (Gardner 2013). 
Under the subordinate legislation Act 1989, the Surveying and Spatial Information Regulation 2012 is 
due to be repealed on 1 September 2017 and will be replaced by The Surveying and Spatial 
Information Regulation 2017. The overall objectives remain mostly the same however the key 
reforms are a greater emphasis on digital government and higher integration of positioning (Hine & 
Gardner 2017).  
Section 88 of the 2012 Regulation allows for the removal of survey marks under section 24 of the 
Act. It states; 
1. An application for an authorisation referred to in section 24 (1) of the Act must be made to 
the Surveyor-General at least 14 days before the date on which the applicant intends to 
remove, damage, destroy, obliterate or deface the survey mark in respect of which the 
authorisation is sought. 
 
2.  This clause applies only to permanent survey marks and reference marks (NSW Legisation 
2012) 
Whilst both the Act and the 2012 Regulation both allow for destruction of survey marks, not all 
marks are covered, Ward (2014) suggests that some bench marks and boundary marks may not be 
protected under the Act. 
The draft Surveying and Spatial Information Regulation 2017 has been revised and Clause 90 (2) has 
been altered to include bench marks as it has been proven that bench marks are important survey 
infrastructure and should be protected (Hine & Gardner 2017). 
Sections 36 and 38 of the 2012 Regulation both accommodate and inform the value of preserving 
survey marks. Section 36 declares that A reference mark must be located in such a position as to 
preserve the mark from disturbance and section 38 allows for the deferred placement of survey 
marks If it is likely that any work to be carried out on land will disturb any survey mark (NSW 
Legisation 2012). 
Again it is clear that the intention of these sections is to preserve the value and importance of survey 
infrastructure. The Regulation also gives a concrete definition that will have influence in later parts 
of this literature review. A monument is defined by the regulation as natural or artificial object, or a 
point on a natural or artificial object, that is shown on an existing survey plan held by a public 
authority for the purpose of locating or relocating a boundary or a point in a survey. 
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The Surveyor General Directions No. 11: Preservation of Survey Infrastructure, (LPI 2015) versions 1 
through 3,  was drafted under the provisions of The Surveying and Spatial Information Act 2002 
section 24 as outline above.  Direction No. 11 outlines the procedures to be followed in the event 
that survey infrastructure must be removed or relocated after permission has been given by the 
Surveyor General.  
At the time of writing this dissertation, the review of Direction No. 11 was in draft format and has 
been submitted for public comment. For the purposes of this dissertation version 3.0 will be 
consulted.  
The draft Direction No. 11 has been significantly improved to better cater for NSWs infrastructure 
boom as it has been recognised that work needed to be done to rectify the current situation as large 
numbers of marks are being destroyed with no consequences (Underwood 2017b). The 
methodology framework has been divided into two main categories; 
- Small scale projects 
- Large scale infrastructure or development projects 
Small Scale Projects: 
Section 6 of the draft Directions No. 11 outlines the procedures that must be followed for small scale 
projects. Small scale projects are defined as;  
Projects that are confined to a small area (normally a single road intersection or a frontage not 
exceeding four lots) and exclude continuous works like kerb and gutter or footpath upgrades. 
The procedures under section 6 place a greater responsibility on the public authority (typically 
Council) as it has been proven that Councils are one of the greatest  destroyers of survey 
infrastructure (Noad 2016). It outlines that all permanent survey marks affected must be replaced 
and that a ‘like for like’ replacement of the mark with regards to its Class must be implemented. 
All cadastral reference marks in the works area that are affected must be re-established and 
reconnected to the cadastre to ensure the cadastre’s integrity. A plan of survey information must 
also be lodged and placed on public record.  Figure 2.2 is an example of a plan for survey information 
due to kerb and gutter and footpath upgrades. 
Large Scale Projects: 
Section 7 of the draft Directions No. 11 outlines the procedures that must be followed for largescale 
projects. Large scale projects are defined as;  
Anything other than small scale projects that extent over a significant area.  The aim of section 7 is 
to make the public authority (typically Council) or organisation responsible for the project to take 
reasonable steps to protect or reinstate survey infrastructure where affected by the works.  
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The procedure is as follows; 
- A plan showing the extent of works and possible effect on survey infrastructure 
- A field audit of all survey marks, showing type, accuracy and status 
- A survey plan outlining the strategy and methodology for mark protection  
- Like for like with regards to class replacement of permanent survey marks 
- Approval and agreement between public authority and the Surveyor General 
- Plan of survey information submitted on public record 
The remake of the draft Directions No. 11 has been based on the RMS’s approach to preservation of 
survey infrastructure and both Arnison (2016) and Dervisevic and Gilmour (2017) have provided 
good evidence of projects where the RMS have had great success in protecting survey marks. Figure 
2.3 is an example of a POSI plan showing the marks found in the field audit and their likely future 
status. Figure 2.3 uses the traffic light system where, green is safe, orange is vulnerable and red is to 
be destroyed.   
The remake of the 2017 Regulation together with the Surveyor General Directions No. 11: 
Preservation of Survey Infrastructure version 3, is a substantial leap forward in the rational towards 
addressing POSI at the State level. The working from the top down approach seems to be having a 
cascade affect in a positive way towards POSI and is being realised in practice in the field.  
 
 
Figure 2.2 Plan of Survey Information Bathurst Rd and Katoomba St 
(Paterson 2013) 
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Figure 2.3 POSI plan showing status of survey marks 
(Dervisevic & Gilmour 2017) 
2.5. Monuments and the Common Law 
 
Since the colonisation of Australia in 1788 and the breakup of the main land into States and 
Territories the Surveyor General has been of great significance to the Nation of Australia. In 1828 
The Australian Courts Act was passed by British Parliament by S24- all laws and statues in force in 
England were applied in the Australian colonies. This meant that upon settlement British Statute and 
common law applied to all law in Australia (USQ 2016).  
Over the years there have been influential experts in the field of boundary surveying and the law. In 
Queensland A.G Brown and Dr G Campbell are recognised as specialists in legal characteristics and 
interpretations of boundary surveying. In NSW F.M Hallmann is the author of Legal Aspects of 
Boundary Surveying as apply in New South Wales and is often referred to in court proceedings by 
magistrates.  
All experts regardless of their jurisdiction have developed similar principles when dealing with 
cadastral reinstatement and have established the concept of hierarchy of evidence.  Hierarchy of 
reinstatement evidence has been defined by Campbell (2013) as a set of rules in the surveying 
profession that; 
a. Gives weight to evidence of cadastral boundaries; and 
b. Is used in the reinstatement of cadastral boundaries. 
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Brown (1980) published his hierarchy of evidence that ranks monument as number four in his 
hierarchy; 
1. The greatest weight must always be given to lines marked on the ground 
2. Next most important are natural monuments mentioned in the deed 
3. Adjoiners 
4. Artificial monuments rank next 
Hallmann et al. (1994) ranks and weights monuments as three in his hierarchy list; 
1. Natural boundaries 
2. Original Crown marking of the grant boundaries 
3. Monuments 
And Campbell (2013) who has perfected  Browns hierarchy ranks monuments as number five; 
1. The greatest weight must always be given to lines and corners marked on the ground and 
corroborated by other physical evidence.  
2. Natural monuments shown on the plan.  
3. Adjoiners;  a well established line of adjacent survey  in existence before the original grant 
4. Adjoiners ; created after the original grant.  
5. Artificial monuments corroborated by documentary evidence.  
As it can be seen all experts rank and weight monuments in the hierarchy of evidence for cadastral 
reinstatement very high. This then leads to the question of; if all these monuments that are 
weighted so highly and are recognized by the Courts are destroyed or not preserved, what effect 
does that have on the ability and reinstate a boundary? Or more importantly, what does this mean 
for the integrity of the cadastre?  
The power to define boundaries rests with the Courts, not the surveyor (Campbell 2011).  As 
boundaries are legal objects it has been accepted through numerous case laws and legal texts that 
the ‘expressed intention’ needs to be upheld above all. Brown (1980) defines this by his quote; 
“The cardinal rule for the interpretation of deeds is to discover the expressed intention of the parties, 
gathered from all parts of the instrument, giving each word its due force read in light of existing 
conditions and circumstances at the time of the conveyance. It is the intention definitely expressed in 
the instrument that controls, not intention merely surmised.” 
Monuments are weighted and ranked so highly as they represent a clear indication and expressed 
the intention of where the boundary should lie. The Courts recognise that any lay person should be 
able to identify something that is visible, permanent, stable, certainty of identity and independent of 
measurement which is exactly how Brown (1980) defines monuments.  
As such, monuments are therefore protected by legislation and regulation as described in Section 
2.3 to further reinforce their importance.  
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2.6. GNSS and Survey Infrastructure 
 
Today GNSS for the modern surveyor has widely been accepted by the profession as another tool for 
the job (Roberts 2005). However as such a tool broadly used it is often perceived by the general 
public as the answer to everything. Over the past decade there has been substantial research and 
testing in this space (Zahl 2013) with particular emphasis on  trying to understand the limitations on 
what can be achieved and then applying standards as to how to achieve it.  
Essentially what needs to be understood is that GNSS is just another measuring tool, just like a total 
station or a tape measure and it needs to be used for the appropriate job. The obvious difference is 
that GNSS uses satellites, complex algorithms, and corrections to determine its location based on 
time. So why can’t surveyors just use GNSS for everything and why do we need survey 
infrastructure? 
The first principle point that is fundamental to the question is that GNSS is survey infrastructure. 
Before GNSS existed NSW had a strong backbone that formed the survey control network (Gowans 
et al. 2015). As discussed previously survey infrastructure has been present in NSW since settlement 
of Australia and the first real control network commenced in 1867 with the Trigonometrical Survey 
of NSW. 
Over the next century, NSW developed a vast network of survey control and infrastructure that 
consists of hundreds of thousands if not millions of survey monuments placed in the ground. The 
common denominator that links all this investment together is the physical mark that was positioned 
in the ground.  
CORSnet NSW is a network of GNSS Continuously Operating Reference Stations (CORS) that provides 
fundamental positioning infrastructure for NSW (Gowans et al. 2015). It is a stable reference 
framework which is operated and maintained by the LPI. Figure 2.4 illustrates a CORS station at Port 
Kembla. 
 
Figure 2.4 CORS station at Port Kembla 
(LPI 2016c) 
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As shown in Figure 2.4 the CORS survey infrastructure is a substantial monument that provides 
world-class state infrastructure for GNSS users in New South Wales. CORSnet NSW may be world 
class, however its origins and existence are dependent on local tie surveys which are based on 
original survey marks placed and surveyed decades before the concept was even inspiration of the 
architect. In time CORSnet NSW will realise the new datum of NSW (Janssen 2017)and indeed 
Australia with GDA 2020, however without all the existing and long-standing survey infrastructure 
that has taken centuries to establish there can be no way to undertake the rigorous and methodical 
adjustments that must occur in order achieve the world class system.  
A critical difference with this world class infrastructure is that these monuments are usually located 
isolated from roads and development activities which have resulted in the destruction of most 
survey marks across the State, and as such would be expected to prolong their lifespan, essentially 
serving as the professions ‘insurance policy’ (Gowans et al. 2015). However the simple fact remains 
that the essence of all surveying is to trace back to the origin and then establishing a new innovation 
moving forward. GNSS is not exempt from evidence gathering, however today it is everywhere and 
in all devices, which gives the implication that it is the answer to all problems. 
2.7. Dial Before You Dig 
 
Dial Before You Dig is a free national referral service designed to prevent damage and disruption to 
underground pipe and cable infrastructure networks that provide Australia with essential services 
(Dial Before You Dig 2017a). The main objective of the service is to ensure underground 
infrastructure services are protected and to reduce disruption to both the public and the service 
provider.   
Chan (2016) has conducted extensive research on underground utilities and the role survey 
infrastructure plays in the protection of these vital services. Chan (2016) suggests that survey 
infrastructure could be better protected if it was listed in DBYD as most Local Council, State 
Government departments and water authorities are already members and they could attach survey 
infrastructure as another layer on their plans. At the time of writing this dissertation there were 31 
out of 128 (25%) Councils in NSW that are members of DBYD (DBYD 2017). 
The issue has always been cost (Underwood 2017b), as the member gets charged per enquiry no 
matter how much information is relayed.  Puiu (2016) states that most enquires are charged at $1.20 
per search and whilst that doesn’t sound like much, companies like Telstra pay approximately 
$50,000 per month in fees to DBYD. Considering survey infrastructure is spread just as vastly as most 
other service utilities it would get identified in the search and then charged appropriately which 
could cost roughly the same as other utilities are paying, which would be a huge cost to industry.  
Ward (2014) advocates that this service should be offered at a discounted rate however it is unlikely 
this would occur. A sensible approach would be to use the States open data policy to add an 
additional layer for survey infrastructure into State owned utilities services which would add no 
additional cost, however it would provide the information in the existing DBYD framework (Chan 
2016).  
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Sydney City Council has recognised the value of survey infrastructure and promotes the benefit of it 
in DBYD.  In what has been described as a ‘quantum leap’, Sydney City Council has identified survey 
infrastructure as a valuable asset and maps and manages it just like any other asset (Urquhart & 
Livingstone 2017). Figure 2.5 is an example of survey infrastructure being listed in Sydney’s DBYD 
plans.   
 
Figure 2.5 Sydney City Council DBYD plan showing survey infrastructure 
(Dial Before You Dig 2017b) 
Micheal Kocoski                                                                                                                                 0061047040 
 
Future Management of Survey Infrastructure within NSW  29 
 
New Zealand also has a similar service to Australia called ‘before you dig’. The main objective is to 
inform the user of information on the location of underground pipes and cables.  The main 
difference between Australia and New Zealand is that ‘before you dig’ promotes survey 
infrastructure within its service and is free of charge. Land Information New Zealand (LINZ) is 
proactive in this space and actively informs contractors of their responsibilities when it comes to 
survey infrastructure (LINZ 2015). Appendix C- LINZ Think twice before you dig pamphlet is an 
example of a brochure that LINZ promotes to the construction industry.  
 
2.8. How permanent is Survey Infrastructure 
 
The Surveyor General’s Directions No. 1 Approved Permanent Marks state that a permanent mark is 
a stable and durable mark of a permanent nature (LPI 2016b). From the text it can been seen that 
‘stable’ is implied by marks being encased in concrete 0.5m deep and wide, which one would 
assume to be permanent as the foundations of most residential dwellings these days are of the same 
dimensions.  de Belin (2012) argues that when a surveyor places a concrete block as a reference 
mark it is a substantial thing that requires great effort to place so obviously it is meant to last. 
Marshall (2006) discusses in his paper that the 1833 legislation required the Survey-General to mark 
boundaries by posts at the corners and intersections, posts were described as hardwood posts 
150mm square. By the mid to late 1800’s hardwood posts were replaced with large stones weighing 
upwards of 240kgs and de Belin (2014) asks the question: why so big? Was the surveying industry 
trying to make a statement? If one is placing a monument that weights ¼ of a tonne it would be safe 
to say that it was meant to last a substantial period and considering that these monuments are still 
surviving today and in good condition a lifespan of over 100 years is not unrealistic.  
Covell (2016a) has been undertaking research in relation to the corrosiveness of metal in particular 
soil conditions across the State of NSW. His research suggests that Galvanised Iron Pipes (GIP) are 
disappearing due to corrosion of the steel and that the initial assumption that GIP’s should last 100 
years may not be achievable. The traditional GIP which is of a hollow nature and having a 3mm wall 
thickness degrades at a rate far greater than a rod which is of solid steel. Corrosion rates were found 
to have a drastic effect on the GIP lifespan and in some cases the GIP has completely disappeared 
within 50 years. Figure 2.6 is an example of a GIP that has been completely corroded within 50 years.  
Soils with high pH levels, high salt levels, high water retention and high acid alkaline all increase the 
decaying process of steel especially GIP’s with thin wall thicknesses. Figure 2.7 illustrates these 
factors in tabular format.  If a GIP is placed in different materials like concrete, then its life 





Micheal Kocoski                                                                                                                                 0061047040 
 
Future Management of Survey Infrastructure within NSW  30 
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Whilst it may be intended to place a GIP and expect it to last for a lifetime without it being disturbed 
or destroyed, the very nature of steel versus natural elements may well prohibit this from 
happening. Normally it would be assumed that if a GIP is gone then it is likely due to man’s 
disturbance, not soil corrosion. Figure 2.8 shows the expected life expectancy of GIP’s when taking 
into account the factors as shown in Figure 2.7.  
 
 
Figure 2.8 Life Expectancy of GIP's 
(Covell 2016b) 
 
Covell (2016a) suggests that the Surveying and Spatial Information Regulation 2017 should consider 
the issue of corrosion and make amendments to only authorise solid steel rods as opposed to hollow 
GIPs to greater prolong the marks longevity. As seen in section 2.4 this has not been considered in 
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2.9. Unconventional Methods  
 
Research into unconventional methods was conducted in order to think outside of the conventional 
box.  As it has been demonstrated in this chapter, public awareness and public education are 
contributing factors towards the destruction of survey infrastructure.   
‘Geocaching ‘is being used by the general public to undertake searching and preserving of survey 
infrastructure unknowing to them. Geocaching is essentially a treasure hunt that uses a map or a 
GNSS device to locate items of interest to the hunter (Geocaching Australia 2017b). Geocaching has 
established a NSW State Survey Marks website that encourages enthusiasts to locate State survey 
marks in NSW. This unconventional method of locating survey marks has found 4269 survey marks 
within NSW at the time of writing this dissertation (Geocaching Australia 2017a). The geo hunter 
takes a photo of the survey mark with a date and time stamp together with the co-ordinates of the 
mark. Figure 2.9 is an example of a survey mark found in Portland NSW by geo hunter ‘Greenbeetle 
Nut’. 
 
Figure 2.9 SSM 27157 found by Geohunter 
(Geocaching Australia 2017a) 
The website also contains a map of NSW showing the found survey marks to date. The user can 
select a region to hunt in and then update the map, Figure 2.10 is a screen shot of Katoomba NSW, 
which illustrates the hundreds of State Survey Marks found in that location. This location was chosen 
as it lies within the chosen case study area of the Blue Mountains which will be examined in detail in 
chapter four.  
Australia’s survey mark geo-hunting is dwarfed by the United States Benchmark hunting which has 
an incredible number of geo-hunters that upload their finds daily. At the time of writing this 
dissertation were was an impressive 736,425 marks found in their database (Geocaching 2017). The 
use of this crowd sourced data is not utilised by any form of Government in Australia and is a waste 
of a valuable free data source. This data should be linked to an interactive portal like SIX maps which 
can be monitored and administered by Government.  
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Figure 2.10 Map of Katoomba region showing found survey marks 
(Geocaching Australia 2017a) 
 
2.10. Local Government 
 
NSW local councils are arguably the biggest destroyers of survey infrastructure Noad (2013b) 
contends, stating that Council don’t really understand the issue at all. Councils see all survey marks 
as ephemeral, and a means to an end, not things that are part of a big picture, and not ‘a means to a 
beginning’. Both Noad (2013b) and Urquhart (2016) suggest that Councils need to take an active role 
in the public domain to protect survey infrastructure as it could be argued that all infrastructure in 
the public domain is Council’s responsibility, including survey monuments. 
Some local Councils have identified that preserving survey infrastructure is in the communities best 
interests and that things need to change to tackle the issue. Ryde Council is a major contributor to 
the cause, with de Belin (2012) paving the way with the innovation of placing ‘cover boxes’ over all 
reference marks found within the LGA. His paper investigates the issue of placing cover boxes over 
reference marks as it was found that in the Ryde LGA two thirds of marks placed between 1921 and 
1960 were gone.  
de Belin (2012) argues the point of preserving survey marks but more importantly has devised a 
simple method that is easy to achieve the objective. Another bonus other than achieving the 
objective is that square cover boxes painted white are clearly visible from aerial images which also 
add to the value of placing them, as it adds an additional spatial element to the mark. Figure 2.11 
and Figure 2.12 illustrates the simple methods of preserving survey marks both pre and post 
construction of new footpaths in the Ryde LGA.  
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In his paper de Belin (2012) asks some concerning questions like “who cares?” and  “does it really 
matter?”.  The statement “we have got satellites” further reiterates one of the major objectives of 
this dissertation.  The paper suggests that all buried reference marks, either found or placed, such as 
GI pipes should have a metal cover box placed over them to make it visible to the public and raise 
awareness. The paper concludes with a statement that “surveyors should be doing our darnedest to 
preserve reference marks” which is a limiting statement given that it is in the public’s best interest to 
ensure the integrity of the cadastre which is held together by such marks, it should read ‘the 
community shall do its utmost to preserve survey infrastructure’.  
 
 
Figure 2.11 Metal Cover Box during Construction 
(de Belin 2012) 
 
de Belin (2015) also go on to explain that since the demise of alignment stones,  great reliance has 
been placed on drill hole and wing reference marks placed in concrete. Concrete, which is thought to 
be a stable, permanent medium, in reality is unsuitable as in today’s world for ensuring a long-lasting 
survey reference mark. London (2016) suggests that concrete has a lifespan of only 20 years and 
cannot be reliable upon to ensure longevity of reference marks. Figure 2.13 shows the stockpile of 
concrete removed from the roads in the City of Ryde in just one year. This stockpile from the 2014 
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Figure 2.12 Metal Cover Box Painted White after Construction 
(de Belin 2012) 
 
 
Figure 2.13 Stockpile of concrete removed from Ryde LGA roads in one year 
(de Belin 2015) 
 
Sydney City Council is pioneering innovate methods when dealing with preserving survey 
infrastructure. Urquhart and Livingstone (2017) have been working in conjunction with the LPI, Dial 
Before You Dig and internal Council departments to develop and implement development 
application (DA) conditions that specifically relate to the preservation of survey infrastructure.   
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Urquhart (2016) has established survey marks within the DBYD database which treats survey 
infrastructure like any other asset or utility such as gas and water. This is a huge leap forward 
towards educating non spatial professionals and identifying survey marks within the public domain. 
Urquhart and Livingstone (2017) have estimated that the value of the Cities permanent mark 
network is worth approximately $3.5 million (which is an extremely conservative value) and that 
placing a dollar value on survey infrastructure is the only way to gain management support for 
preserving it. Sydney City Council has now included survey infrastructure into its asset management 
databases which includes a ‘live’ register that is updated periodically. Figure 2.14 is an example of 
the survey mark register within the City’s database.  
 
Figure 2.14 Survey mark asset register 
(Urquhart & Livingstone 2017 
 
A technical specification manual (Appendix D- Sydney City Council, Technical specification manual) 
has been drafted to compliment Council’s DA conditions within a consent that force developers to 
identify, protect and replace survey infrastructure as part of the whole DA. This is a powerful 
mechanism that empowers the Council to dictate and enforce the preservation of survey 
infrastructure.  This methodology is simple to implement and police as it puts the responsibility back 
on to the developers as Council will not sign off on the DA until all conditions are satisfied. This 
innovate strategy could be adopted by all Councils across the State.  
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2.11. NSW State Government  
In NSW the Surveyor-General and the LPI are responsible for establishing, improving and maintaining 
the State’s geodetic and survey control network (Ward 2014). As denoted in the relevant legislation 
and regulations the LPI should get notified of survey marks that get destroyed or disturbed 
throughout the State. The LPI have realised that the preservation of survey infrastructure is of great 
importance to the state and have developed an educational brochure to make the public aware of 
survey marks (Appendix E- LPI Protection of survey marks Information sheet). Although this is a great 
initiative it takes the approach of appealing to people’s better nature rather than “if you knock it out 
it’ll cost you big” (Noad 2013b). The question has been asked of the LPI as to whether they take the 
issues of preservation seriously?   
As discussed in section 2.4 the NSW Government has been active by way of redesigning regulations 
and directions to align with infrastructure projects, surveying techniques and modern day 
technologies. The catch phrase of ‘Marks in Parks’ (London 2016) is an LPI innovation that recognises 
that the public domain and or road reserve is where the majority of destruction occurs, therefore it 
would seem logical to place high order survey infrastructure in community lands where 
development is restricted. de Belin (2016) has taken up this innovative in Ryde by placing Council’s 
major control marks in community land (parks) as they have suitable clear skies for GNSS 
observations. This project could be adopted as the theory is reinforced by the practice.   
In 2015 the LPI reviewed the current types of State Survey Mark (SSM), as it was becoming apparent 
that poor field installation methods were rendering the current type of mark susceptible to damage 
or complete removal (London 2016). To help preserves the SSM longevity the LPI designed a new 
type of mark that has decreased its susceptibility to ‘scalping’, due to its low profile. The new design 
has significantly reduced the time to install the mark, which as a result also reduced the cost 
associated with the marks placement (Hegerty 2015). Figure 2.15 and   Figure 2.16 are 
example of the new SSM type 15. 
                    
Figure 2.15 Newly Designed SSM Type 15  Figure 2.16 Close Up of SSM Type 15 
 (Hegerty 2015)        (Hegerty 2015)  
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An innovative modern technology that has been developed by the LPI is the NSW Survey Mark 
application. The NSW Survey Mark application allows users to search and view the location of any 
permanent survey mark across the state, access mark details or report a change in its status (Spatial 
Services 2017 ). Figure 2.17 is a screen shot of what the application looks like.  
The application features include the ability to search all marks in the SCIMS database with aerial 
imagery as a backdrop, the capacity to view the published SCIMS coordinate values pertaining to a 
survey mark and the ability to report the status of the mark, found, destroyed etc. 
 
Figure 2.17 Screen shot of NSW Survey application 
(Spatial Services 2017 ) 
Whist the app is a great innovative piece of technology, the app itself requires more software 
development as its functionality is not reliable and often does not work properly. A huge advantage 
of this application is the ability to update the mark’s status on the fly and send in a photo of the 
destroyed mark. This approach reinforces the important of sketch plans and has been adopted by 
Gowans et al. (2015) to enable the user to capture digital photographic records. This allows for a 
quick site assessment and suitability for GNSS survey. Version two of the app is being worked on and 
will be released in the next financial year (Underwood 2017b).  
The RMS is NSW’s road authority and road manager for all major roads and corridors in the State. 
The RMS has launched a State wide campaign to address the issue of preserving the State survey 
infrastructure. Both the RMS and the office of the Survey General have recognised that there is work 
that needs to be done to address the issue of POSI and in April 2016 the RMS established a 
permanent working group and signed a collaborative agreement to deal with POSI at a State level 
(Dervisevic & Gilmour 2017). 
The RMS has developed a POSI policy and embeds the policy into their contracts as shown in Figure 
2.18. This acts as a hold point before a tender is awarded.  As part of the POSI strategy, any design or 
construction project that the RMS administer shall contain a register of all survey marks within the 
project area that could be potentially influenced by the project as shown in Figure 2.19. This register 
is then translated into a drawing form and produced as a POSI plan as shown in Figure 2.20. 
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Figure 2.18 RMS Project Timeline Showing POSI in the Contract Phase 
(Arnison 2016) 
 
Figure 2.19 Register of Survey Marks Within The POSI Strategy 
(Arnison 2016) 
Micheal Kocoski                                                                                                                                 0061047040 
 
Future Management of Survey Infrastructure within NSW  40 
 
 
Figure 2.20 Example of POSI drawing 
(Dervisevic & Gilmour 2017) 
It is quite ironic that the main reason behind the RMS’s innovative strategy to preserve survey 
infrastructure is due to shortfalls. Arnison (2016) points out a number of case studies and focuses on 
a ‘lesson learnt’ approach. The Great Western Highway upgrade over the Blue Mountains from Emu 
Plains to Mt Victoria resulted in hundreds of survey marks being destroyed which resulted in an 
investigation from the LPI and a letter from the Surveyor-General to the RMS to show cause. This 
case study will be further examined in chapter four. 
Arnison (2016) describes a similar project of the Pacific Highway upgrade from Sapphire to 
Woolgoolga which also resulted in large numbers of marks being destroyed and again resulted in an 
investigation from the LPI, with the RMS being placed on notice from the Surveyor-General under 
The Surveying and Spatial Information Act 2002. The action taken by the LPI does then suggest that 
they do take the preservation of survey infrastructure seriously and that when required the 
Surveyor-General will take action under the Act.  
There has been a lot of work done in this space within the RMS however it does seem to be too 
complicated and bureaucratically systematic, rather than simple and streamlined. Arnison (2016) 
concludes that Protection of Survey Infrastructure is all about POSITION. Without Protection of 
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2.12. Knowledge Gap  
 
From the literature review, various authors have concluded that the answer to the problem has not 
been appropriately dealt with. The outcomes from understanding the issues associated with 
preserving survey infrastructure, ownership, the legislative requirements, links to common law and 
the proposed research methods to be conducted will fill that gap as identified in the literature. 
If NSW lost boundaries can be thought of as lost children of the cadastre, then the State’s permanent 
marks are the orphans (Noad 2013a). This quote demonstrates that the author acknowledges with 
the loss of survey infrastructure, boundaries have essentially become ‘lost, and have to be ‘found’ 
again by other means. This quotes sums up that the quest to re-establish and preserve survey 
infrastructure is a long complex journey, one which has not been addressed at the scale this 
research has proposed. This projects aims to bridge the gap and recommend outcomes that could be 
adopted to help address the issue.    
 
2.13. Chapter Conclusion 
 
This chapter provided an overview of the available literature pertaining to survey infrastructure, its 
history dating back to bible times, and its role in modern day legislation. The current and draft 
regulation and directions were discussed which indicated a huge shift in the philosophy of preserving 
survey infrastructure. 
The connection between common law and properties rights was explained to reinforce why survey 
marks are so important in boundary definition in Australia. GNSS was explained in detail to clarify 
why GNSS cannot be used for all spatial needs and how is it linked to marks on the ground. The life 
expectancy of marks was examined and how permanent one can expect marks to be was outlined.  
It was shown that the understanding and appreciation by the general public and indeed, decision 
makers in high managerial roles, of the crucial importance of survey infrastructure is sorely lacking.  
The State Government and some Local Government bodies have been proactive in the space of 
preserving survey infrastructure in recent years and have committed substantial resources to ensure 
its longevity. However it was shown that more needs to be done by Government departments to 
ensure the integrity of the cadastre and its links to spatial datasets.   
Chapter three of this dissertation provides the reader with the methodology that will be employed 
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Chapter Three   
 




The project is planned to be conducted with multiple methods that will be joined together to give an 
overall outcome for this dissertation. This chapter will form the framework that will inform the 
reader of the research approach taken, the choice of methods, the case studies selected and the 
selected audience chosen for the questionnaire. The results obtained by the following research 
methodology will be used to provide evidence to reinforce the research question on how to preserve 
survey infrastructure. Appendix A- Project Specificationcontains the project specification that was 




This research will investigate the preservation of survey infrastructure and how both private practice 
and Government particularly NSW Councils, are addressing the large scale destruction of survey 
infrastructure together with the future management of survey infrastructure. 
The literature review revealed that there has been some development in the space of preservation 
and that the research component of this project would have to be in the form of case study analysis 
rather than conducting experiments.  The development of a questionnaire was also seen to be the 
best way to analyse the current status of Government and private organisations with regards to their 
commitment to the preservation of survey infrastructure.  From these methods it is envisioned that 
the aims and objective of this project will be met. 
3.3. Risk Assessment 
 
The research for this project included site inspections across the various case study locations. A risk 
assessment was developed to understand the risk and provide an appropriate measure to mitigate 
the risk identified.  The assessment identifies hazards, evaluates the level of associated risk based on 
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LIKELIHOOD RISK RANKING MATRIX 
HIGH 5 10 15 20 25 
SIGNIFICANT 4 8 12 16 20 
MODERATE 3 6 6 12 15 
LOW 2 4 6 8 10 
NEGLIGIBLE 1 2 3 4 5 
CONSEQUENCE NEGLIGIBLE LOW MODERATE MAJOR CATASTROPHIC 
 
Table 1 Risk ranking matrix 
Table 2 is the risk assessment that was completed for site inspections conducted.  
RISK ASSESSMENT FOR SITE INSPECTIONS 
Name of Project: USQ Thesis Project Supervisor: Jessica Smith  
Date of Inspection: 01-05-2017 Site Supervisor: Micheal Kocoski  
Location of Inspection: Great 
Western Highway/ Ryde LGA 
  
Hazards Risk rank Control / Actions Responsibility      New Risk Rating 
Traffic 8 
Stay clear of trafficable lanes and stay on footpaths- if 
needed implement TCP and traffic control  
MK                                   4 
Pedestrians 8 
Stay clear of pedestrians  and be aware on footpaths - 
if needed implement TCP and traffic control 
MK                                   4 
Weather 
Conditions 
4 Wear appropriate PPE MK                                   1 
Traffic Accident  4 Obey road rules and park in a safe location MK                                   2 
 
Table 2 Personal risk assessment for site inspections 
 
3.4. Safe Work Method Statement 
 
Safe work procedures make workers and students aware of risks in their project work and advise 
them how to avoid injury or illness while doing those tasks. A safe work method statement (SWMS) 
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Table 3 Safe work method statement for site inspections 
 







REGULATION OR CODE OF PRACTICE 




PROCEDURE POSSIBLE HAZARDS 
RISK 
RANK 
SAFETY CONTROLS  (each hazard) 
1. Driving to and 
returning from site 
Traffic accident 4 Observe and obey road rules 
2. Site Induction 
No detailed knowledge 
of particular site issues 
3 
Undergo site induction, or tool-
box meeting, as required with 
site manager 
3. Wearing protective 
apparel 
Non-compliance can 
lead to injury/illness 
4 
Use all requisite PPE as required 
on-site, to both Council and Site 
manager requirements 
4. Parking survey vehicle 




Obey road rules 
Ensure pedestrian safety and 
movement near  vehicle 
5.  Carry out required 
work 
Personal injury 
On site hazards 
4 
Clear, visible signage as required 
Note possible hazards prior to 
and during work  
Set equipment with appropriate 
safety warnings for pedestrians 
eg cones 
Equipment to be set up on street 
and survey undertaken from 
street 
Only site –inducted staff to be on 
the site 





Be watchful when moving about 
Tool-box meeting, as required 
with site manager 
Note possible hazards prior to 
and during work 
Use all requisite PPE as required 
on site  





Be watchful and alert 
Note possible hazards prior to 
and during work 
Be visible to plant operators 
Use all requisite PPE as required 
on site 
8. Disassemble 





Pack up equipment carefully 
Load from rear or kerb side of 
vehicle 
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3.5. Phase Design 
 
An overall picture was developed to visualise the methodology process. Figure 3.1 illustrates the 












Figure 3.1 Methodology Process 
 
3.6. Questionnaire  
 
The questionnaire will form the foundation of the research. The aim of the questionnaire is to survey 
NSW Councils together with industry bodies to better understand the level of knowledge, 
commitment and appreciation of survey infrastructure amongst the profession. From the comments 
and results received it should give an overall picture of the current situation and if the current 
strategies are satisfactory or insufficient to meet the objectives. A statistical analysis will be 
performed to ascertain trends and patterns to determine best practice within industry.  
Design:  
The design of the questionnaire needs to be direct, however due to the vast target audience 
acronyms and prior knowledge of the research topic could not be assumed.  Survey Monkey Inc. was 
chosen as the online media source for the questionnaire. The objectives of the research were critical 
in the design phase and understanding the target audience was important when making decisions on 
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The more questions one asks in a questionnaire the less time the respondent will spend and 
therefore the quality of the answer will suffer (Survey Monkey 2011b), Figure 3.2 illustrates that the 
time spent on each question decrease as more questions are asked. It was therefore decided not to 
design a questionnaire with more than 15 questions.  
 
Figure 3.2 Response Time Table 
(Survey Monkey 2011b)  
Research into the length of the questionnaire was also considered important as the time to 
undertake the survey would largely impact on the participant’s willingness to complete it. 
Benchmark Internet Group (2017) suggests that a survey should not take longer than five minutes to 
complete or respondents will not complete the questionnaire.  This model was adopted in the 
design of the questionnaire.  
A timeframe would have to be introduced in order to give the questionnaire a deadline.  Survey 
Monkey (2011a) suggests that 41% of respondents will respond in the first day, 80% by the end of 7 
days, and only 4% of people respond after the third week as show in Figure 3.3 below. A timeframe 
of two weeks was adopted to allow for internal processing within Government departments to keep 
in line with the recommended timeframes as detailed above. 
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Figure 3.3 Days to Respond 
(Survey Monkey 2011a) 
Recruitment:   
Selection criteria were developed to formulate a list of groups of participants to be included in this 
research project.  Upon completion of the literature review it was evident that Government 
departments, particularly local Councils, needed to be consulted to try and understand Government 
employee’s knowledge and appreciation of the research topic.  The employees targeted were the 
ones with the most influence in the construction process of civil infrastructure. Appendix F- 
Explanatory statement contains the explanatory statement that was addressed to the General 
Manager of all 128 Councils in NSW.  
The surveying profession was also included in the selection process and it was decided to target 
members of professional institutes as the best way to recruit participants. The selection criteria 
therefore created a list of potential participants to be surveyed. The list includes; 
- 128 NSW Councils  
- The Institution of Surveyors NSW (ISNSW) members  
- Association of Public Authority Surveyors (APAS) members 
- Board of Surveying and Spatial Information (BOSSI) members 
- Country Surveyors Association (CSA) members 
Permissions: 
Prior to the release of the questionnaire support and approval was obtained from the Surveyor 
General of NSW (Underwood 2017a) to endorse the research to be undertaken.  Permission was also 
obtained from all said professional bodies prior to the publication of the questionnaire. Ethics 
approvals are outlined in section 3.9. 
 
 
Micheal Kocoski                                                                                                                                 0061047040 
 
Future Management of Survey Infrastructure within NSW  48 
 
 
Independent Review:  
As the questionnaire was to form the corner stone of the research project, it was decided that an 
independent review should be undertaken prior to release. The review was undertaken by the 
supervisor of this project, Miss Jessica Smith and by an external marketing and communication 
department within Blue Mountains City Council. This review was critical as the psychology in surveys 
is deemed to be  one of the most important criteria’s to its success (Tourangeau et al. 2000).   
 
Validating Results 
It is important to recognise that the design and implementation of the survey follows a creditable 
strategy. The University of Wisconsin-Madison has developed a set of guidelines that address the 
survey fundamentals that will be followed as part of this research. Thayer-Hart et al. (2010) have 
published a process of designing and implementing a survey as shown in Figure 3.4. The whole 
methodology relies on useful, reliable and valid responses from the questionnaire and Fowler Jr 
(2013) argues that there is no minimum response rate to validate the data. It is generally acceptable 




Figure 3.4 Survey Process 




At the time of writing, The NSW State Government is implementing Council amalgamations across 
the entire State. The formation of the State’s local Councils is undetermined at this time as Legal 
action has been taken against the NSW Government by some Councils to alter the course and stop 
the amalgamations. As such, some Councils may not be consulted or missed due to this reason. The 
Office of Local Government reported that there are 128 Councils functioning whilst writing this 
dissertation (Office of Local Government 2017). 
Further to this, at the time of writing this dissertation, The NSW State Government privatised the LPI 
and split its functions. It is recognised that this could cause the reader some confusion when 
referencing or referring to the LPI or Spatial Services.  
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This research project assumes that all information and data collected from the participants 
responding to the questionnaire is accurate and honestly answered. This assumption is made as the 
results from statistical analysis could be skewed if questions are not answered honestly. It is also 
noted that there is a margin of error is to be expected in this type of research, however, it is not 
expected to influence the results.     
 
3.9. Ethics and Responsibility 
 
As this project involved human participants in the form of a questionnaire, before any research 
could be undertaken approval had to be obtained from the Universities Human Research Ethics 
Committee.  As human subjects were used, the criteria for selection were described and the project 
went under review for consideration. Approval was granted and deemed ‘low impact’ subject to the 
participants understanding that their responses were confidential unless the participant chose 
otherwise. See Appendix G- Ethics Approval for ethics approval notification. 
The response data will be held on secure severs and made available to the participants for a period 
of five years. After this the data will be destroyed. As the questionnaire was designed to be as 
transparent as possible, with impersonal questions, no harm should be caused to any of the 
participants in any way. 
3.10. Case Studies 
 
State and Territory Jurisdictions: 
The first task of this project is to identify all existing legislation currently in force in Australian 
jurisdictions and to examine these jurisdictions as case studies.  From this a ‘state of play’ could be 
established to determine what Australian States and Territory are doing to address the issue of 
preservation of survey infrastructure and if it is indeed an issue.  The States and Territories that have 
been most active in this space and therefore chosen for further study are; 
- New South Wales 
- Australian Capital Territory 
- Victoria  
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Overseas Cases: 
One of the objectives of this project is to look at innovative ways for the future management of 
survey infrastructure. It was therefore decided to investigate further abroad to see what other 
countries are doing overseas about preserving survey infrastructure. The selection criteria for the 
chosen countries were simple;   
1. What countries have geographic instability and therefore potential monument problems 
2. What country can be seen as a world leader in the space of spatial infrastructure and spatial 
databases.  
  
As Australia’s closest pacific neighbour New Zealand was a logical choice for its huge variance in 
tectonic plate movement and recent earth quakes in the country. New Zealand has been proactive 
over the past few years in determining strategical ways to deal with survey infrastructure 
movement. New Zealand has a unique land mass that has intense shifts in their tectonic plates which 
has drastic effects on survey infrastructure.  
 
Detailed Cases: 
These broad jurisdiction case studies, whilst important and relevant, they don’t reveal the status or 
give any statistics of what is happening on the ground. It was decided to further analyse smaller 
areas in NSW that suffered from destruction of survey infrastructure. As de Belin (2016) described 
Ryde LGA as a crisis area for survey infrastructure and with Ryde’s small catchment area and high 
level of construction, it is a perfect choice.  
Comparison there needed to be another detailed case study that covered a large area that involved 
large scale infrastructure projects. The Great Western Highway across the Blue Mountains in NSW 
was chosen as it stretches 80km in length and took over 20 years to complete the construction.  
These case studies will give real life independent results of the current situation of survey 
infrastructure with regards to statistics and the types of marks being destroyed. 
In both cases SCIMS information will be utilised to compare the number of marks that have been 
destroyed over several years and the potential cause of the destruction.  Valuer General reports for 
both LGA’s will be consulted to try and link unimproved property values, which is a cadastral 
element of spatial data, to cadastral reference marks. As there is no practical way to quantify 
cadastral reference marks it is hoped that this connection will prove the value of survey 
infrastructure.  
This methodology approach has been adopted by both Scotney (2003) in Queensland and Brice 
(2009) in Victoria who both investigated their respective State’s permanent survey marks. As there is 
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3.11. Chapter Conclusion  
 
This chapter presented the research methodology to achieve research objectives and aims of this 
project.  The design phase of the methodology addressed critical issues, such as timeframes, 
permissions and review stages that will influence the results. The questionnaire developed elected 
to recruit Government and professional opinions with respect to POSI as this is where the greatest 
influence could be achieved.    
The methodology is deemed to be objective in nature. The case studies chosen used a tier approach 
from the State level down to detailed sites to gather an entire picture of the issue and will analyse 
the rates/spread of destruction of survey infrastructure. The chosen study sites should provide 
enough literature, data and information to complete a creditable analysis. 
Chapter four of this dissertation will provide the reader with the results of the cases studies and the 
questionnaire. The chapter will tie the theory of past chapters to the real world with a connection to 
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Chapter four of this dissertation is concerned with the results or data of the research approach as 
outlined in chapter three. The raw data of the questionnaire will be presented to outline the 
respondents’ answers. A summary of the chosen States’ and Territories’ legal frameworks that are 
concerned with POSI will be outlined, together with any innovations. Case studies of Ryde LGA and 
the Blue Mountains LGA will be examined in finer detailer to relate the theory to practical cases. 
Further to this New Zealand will be studied as an overseas case study to understand how countries 




The questionnaire in the form of an online survey via Survey Monkey has formed the foundation of 
this research. The opening date for the survey was 8th May 2017 and it closed on the 22nd May 2017. 
There were a total of 324 respondents to the online questionnaire. In addition to the respondents’ 
answers there was also 685 individual comments made.  The full set of results can be viewed in 
Appendix G- . A summary of the results are presented below in Figure 4.1 to Figure 4.17 inclusive.  
 
Figure 4.1 Data trends for response rate 
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Australian Government 0.6% 2 
NSW Government 15.1% 49 
Local Government 25.3% 82 
Private consultancy 57.1% 185 
Other 1.9% 6 
Comments  21 
answered question 324 
skipped question 0 
 
Figure 4.2 Question 1: Summary of results 





Surveyor 74.7% 242 
Engineer 10.8% 35 
Town planning 2.5% 8 
Project management 5.6% 18 
Civil construction 0.3% 1 
Other 6.2% 20 
Comments 30 
answered question 324 
skipped question 0 
 
Figure 4.3 Question 2: Summary of results 
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Yes  80.9% 262 
No 19.1% 62 
Comments 21 
answered question 324 
skipped question 0 
 
Figure 4.4 Question 3: Summary of results 
 






Yes 90.0% 235 
No 10.0% 26 
Comments 10 
answered question 261 
skipped question 63 
 
Figure 4.5 Question 4: Summary of results 
 
Does your organisation employ a surveyor/surveyors as salaried staff? 
Yes
No
If yes is at least one of the surveyors registered? 
Yes
No
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Yes 58.7% 37 
No 41.3% 26 
Comments 14 
answered question 63 
skipped question 261 
 
Figure 4.6 Question 5: Summary of results 
 






Survey General 47.6% 130 
Land and Property Information (LPI) 32.2% 88 
Local Council 3.7% 10 
Land owner where infrastructure lies 1.5% 4 
Other (please specify) 15.0% 41 
answered question 273 
skipped question 51 
 
Figure 4.7 Question 6: Summary of results 
 
If No, are your survey services provided by external contract surveyors? 
Yes
No









Micheal Kocoski                                                                                                                                 0061047040 
 
Future Management of Survey Infrastructure within NSW  56 
 
Based on the list please rank the ownership hierarchy from 1 being most to 5 being least 





Surveyor General 143 83 26 12 9 1.76 273 
LPI 79 128 35 23 8 2.10 273 
Local Council 11 36 163 52 11 3.06 273 
Land owner where infrastructure lies 8 17 37 152 59 3.87 273 
Other 32 9 12 34 186 4.22 273 
answered question 273 
skipped question 51 
 
Figure 4.8 Question 7: Summary of results 
 
Are you or your organisation aware that survey infrastructure is protected by legislation and that fines of 





Yes 93.8% 256 
No 6.2% 17 
Comments 27 
answered question 273 
skipped question 51 
 
Figure 4.9 Question 8: Summary of results 






Based on the list please rank the ownership hierarchy from 1 being most to 5 being 
least 
Are you or your organisation aware that survey infrastructure is protected by 
legislation and that fines of up to $22,000 (in NSW) may be issued for each 
individual mark that is disturbed or destroyed? 
Yes
No
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Permanent mark 27.1% 74 
State survey mark 58.6% 160 
N/A 14.3% 39 
Comments 21 
answered question 273 
skipped question 51 
 
Figure 4.10 Question 9: Summary of results 
 





Drill hole and wing 59.7% 163 
Galvanised iron pipe 20.5% 56 
Concrete block 0.4% 1 
Blazed tree 0.0% 0 
N/A 16.8% 46 
Other 2.6% 7 
Comments 19 
answered question 273 
skipped question 51 
 
Figure 4.11 Question 10: Summary of results 





What is the most common type of cadastral reference mark placed by your 
organisation? 
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Cadastral surveying 15.92 3,885 244 
Engineering surveying 31.58 7,768 246 
answered question 253 
skipped question 71 
 
Figure 4.12 Question 11: Summary of results 
 





Yes 93.2% 247 
No 6.8% 18 
Comments 31 
answered question 265 
skipped question 59 
 









Cadastral surveying Engineering surveying
What percentage of your work is undertaken by GPS for.. 
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In New Zealand, cover boxes for survey marks are provided for free by the Government to all surveyors 





Yes 79.9% 218 
No 13.6% 37 
N/A 6.6% 18 
Comments 48 
answered question 273 
skipped question 51 
 
Figure 4.14 Question 13: Summary of results 
 





Local Council 34.1% 93 
Roads and Maritime Services 4.4% 12 
Utility service providers  34.8% 95 
Private developers  20.5% 56 
Other 6.2% 17 
Comments 53 
answered question 273 
skipped question 51 
 
Figure 4.15 Question 14: Summary of results 
In New Zealand, cover boxes for survey marks are provided for free by the 
Government to all surveyors to help preserve survey infrastructure. Do you think this 




Who or what do you believe is the major cause for survey infrastructure destruction 
in your local area? 
Local Council
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Does your organisation have any formal polices, procedures, conditions (or similar) in relation to 
protecting or preserving survey infrastructure? 
Answer Options Response Count 
  227 
answered question 227 
skipped question 97 
 
Figure 4.16 Question 15: Summary of results 
As question 15 was an open ended question no statistical analysis could be conducted. Of the 227 
responses to this question 116 of them stated that they had no formal policies, which equates to 
51% of the respondents. There was however  consistent themes in the responses. The top three 
frequently occurring themes are; 
 Councils utilising their development consent conditions relation to POSI 
 Organisations utilising the RMS POSI pack together with LPI factsheets 
 Design plans, quality assurance and project management procedures being utilised  
Any other comments of suggestions relating to preservation of survey infrastructure? 
Answer Options Response Count 
  122 
answered question 122 
skipped question 202 
 
Figure 4.17 Question 16: Summary of results 
Question 16 was another open ended question; as such no statistical analysis could be conducted. 
However that being said, there were again topics and subjects that were consistently reoccurring in 
people’s responses. The top three frequently occurring themes were; 
 Councils should be utilising their development consent conditions to enforce and stipulate 
POSI requirements and conditions. 
 Education and awareness is required to the non-spatial professionals to promote POSI, its 
role and importance in todays society. 
 Enforcement of the legislation and prosecution of offenders. 
4.3. State and Territory Jurisdictions  
 
As discussed in section 3.10 the States and Territories that have been most active in this space of 
preservation have been analysed and the most relevant mechanisms that promote mark 
preservation have been tabulated in  
Table 4 below. 
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Penalties for destruction 
referred to in legislation  
CORS  
Network 







 SSI Act 2002 
 
SG No. 11 POSI 
 




- SCIMS online 
- SIX Maps 
- DBYD- some LGA have included 
- Survey Marks app 
- Remake of SG No. 11 POSI 






Guideline No. 8 Section 53 Surveyors Act 
2007. 
Yes - ACT Map i 
 
- Fix my street 
- Semi Co-ordinated cadastre  









- Survey Reg 
2005 
-Survey Co-
ords Reg 2015  




- Extremely dense co-ordinated      
marks 
-  Extremely dense CORS network 











Section 52 Survey Act 
1992 




- Mark Maintenance Unit disbanded 
2016, transferred responsibility to 
others  













-Section 20 Survey Co-
ordination Act 1944 
-Section 41 Survey Act 
2002 
 
Yes - LIST Map 
-  SurCoM 
- Photos attached to locality 
sketches 
- Proactive Government 
departments 
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References used to compile  
Table 4: 
NSW: 
- Surveying and Spatial Information Act 2002 (NSW Legisation 2002) 
- Surveyor General Directions No. 11 Preservation of Survey Infrastructure (LPI 2015) 
-  CORSnet-NSW (LPI 2017), SmartNet Aus (SmartNet Aus 2017) 
- SCIMS (Spatial Services 2017b), SIX maps (Spatial Services 2017a) 
- DBYD (Puiu 2016) 
- Survey marks app (Spatial Services 2017 ) 
-  RMS POSI plans (Dervisevic & Gilmour 2017) 
A.C.T: 
- Surveyors Act 2007  
- Survey General Guideline No.8 Preservation of survey infrastructure (ACT Government 
2010) 
- CORSnet-NSW (LPI 2017), SmartNet Aus (SmartNet Aus 2017) 
- ACT Map I (ACT Government 2017b) 
- Fix my Street (ACT Government 2017a) 
- Survey infrastructure collector app (being developed) (Drake 2016) 
Victoria: 
- Surveying Act 2004 
- Survey Co-ordination Act 1958 
- Surveying (Cadastral Surveys) Regulation 2015 (Victorian Legislation 2015) 
- SmartNet Aus (SmartNet Aus 2017) 
- GPSnet (Victoria State Government 2017c) 
- Survey Mark Enquire Service (SMEC) (Victoria State Government 2017b) 
- Land and Spatial Information (LASSI) (Victoria State Government 2017a) 
South Australia: 
- Survey Act 1992 
- Cadastral survey guideline 2016 (SA Government 2016) 
- Survey Regulation 2007 (SA Government 2007) 
- SmartNet Aus (SmartNet Aus 2017) 
- Location SA Map Viewer (SA Government 2017c) 
- Data SA (SA Government 2017a) 
- South Australian Integrated Land Information System (SAILIS) (SA Government 2017b) 
- Mark Maintenance Unit disbanded (Roberts 2016) 
- Education Programs (Roberts 2016) 
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- Surveyor Act 2002 
- Survey Co-ordination Act 1944 
- Surveyors Regulations 2014 (Tasmanian Legislation 2014) 
- SmartNet Aus (SmartNet Aus 2017) 
- Land Information System Tasmania (LIST) Map (Tasmanian Government 2017a) 
- Survey Control Marks (SurCoM) (Tasmanian Government 2017b) 
- Photos in SurCOM (Tasmanian Government 2017b) & (Strong 2017) 
- Proactive Government departments (Strong 2017) 
 
Below are two examples of innovations from the A.C.T and Tasmania. Figure 4.18 is a screen shot 
from the ACT Government website showing the feedback reporting system that allows the general 
public to report problems of concerns for the government to action. This system includes the option 
to report on the condition of survey infrastructure. 
 
 
Figure 4.18 Access Canberra- Fix my street- Survey Infrastructure 
(ACT Government 2017a) 
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Figure 4.19 is an example of adding photos to locality sketches in Tasmania that allows the user to 
view the marks location in situ with the added bonus of being able to determine if the mark has a 
clear ‘sky view’ for GNSS applications.  
 
Figure 4.19 Locality sketch for SPM 11421 in Tasmania 
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4.4. Overseas Case 
 
New Zealand is located in the South Pacific Ocean, to the southeast of Australia. New Zealand is 
268,000 square kilometres in area and has a population of 4.4 million, as of July, 2015. Its geographic 
coordinates are 41 degrees south and 174 degrees east. It is split into two main islands, South Island 
and North Island, as shown in Figure 4.20 (reference.com 2017).  
New Zealand is located on the boundary between two tectonic plates, the Australian Plate and the 
Pacific Plate. These plates are constantly grinding into each other, which causes stresses to build up 
in the brittle, upper layers of the plates. As such this causes earthquakes and liquefaction which in 
turn can cause mass land movements.  
New Zealand employs a cadastral system similar to Australia which supports Torrens Title. However 
Torrens Title does not guarantee areas or dimension and survey monuments are relied upon to 
define cadastral boundaries (Underwood 2013). The re-establishment of boundaries follows a 
hierarchy of evidence based on common law similar to Australia. Land XML is the data set used to 
create New Zealand's survey accurate DCDB, where 70% of land parcels are accurate to  within  01.m 
(Underwood 2013). Land Information New Zealand (LINZ) is the Government body responsible for 
managing land titles, geodetic and cadastral survey systems and geodetic and state control networks 
(LINZ 2017c). The New Zealand Vertical Datum 2016 (NZVD2016) is the official vertical datum for 
New Zealand and its offshore islands and is supported by NZGD2000 as the official semi-dynamic 
datum used to define the positions of points in New Zealand (LINZ 2017a). 
The LINZ PositioNZ CORS network consists of 39 continuously operating reference stations (CORS) 
located throughout New Zealand (including the Chatham Islands) and Antarctica that monitor crustal 
deformation and models land movement.  Figure 4.20 below is map showing New Zealand CORS 
network, PositioNZ.   
          
Figure 4.20 Map of New Zealand   Figure 4.21 PositioNZ CORSS Map 
 (Facts co 2017)      (LINZ 2017b) 
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The Cadastral Survey Act 2002 is the legislation in New Zealand that surveyors must adhere to. The 
purpose of the Act is to promote and maintain the accuracy of the cadastre, to cadastral surveyors 
to meet standards of competence and national geodetic system and a national survey control 
system to be maintained.  
Under the Cadastral Survey Act 2002, Section 55, Interference with survey marks, states that; 
(1) Every person commits an offence and is liable on conviction to a fine not exceeding $2,000 who 
knowingly or recklessly takes, destroys, or alters the position of, or markings on, a survey mark that 
has been placed or set up— 
(a) for the control of cadastral surveys; or 
(b) for the purposes of any cadastral survey conducted under, or for the purposes of, this Act or 
another Act. 
As discussed in section 2.7 survey marks are included in New Zealand’s ‘before you dig’ service (see 
Appendix C- LINZ Think twice before you dig pamphlet) as the value of their importance is better 
understood by the greater community. ‘Think twice before you dig’ is the motto employed by The 
Institute of Public Works Engineering Australasia (IPWEA) as the message it sends out to all 
contractors regarding protection of survey infrastructure (IPWEA 2014).  
LINZ is extremely proactive in the space of preservation and has developed multiple standards and 
initiatives to better protect and preserve survey infrastructure. As a result of the earth quakes 
suffered an Interim standard for mark protection surveys (Canterbury earthquake) was developed to 
help post-earthquake reconstruction in areas affected by the Canterbury earthquakes(LINZ 2012). 
This initiative provided for a greater emphasis on mark protection and preservation.  
LINZ has also developed a direction for protection survey marks. Specifications for the protection of 
survey marks- Reinstating or replacing marks version 2.2 is the direction primary concerned with 
protection of geodetic and cadastral survey marks (LINZ 2009). To supplement the direction LINZ 
offers extra protection for survey marks; the rules for cadastral survey 2010, section 7.4.3 
Permanent reference marks  requires permanent reference marks to be placed that can be 
reasonable expected to last at least 50 years.  
To help improve survey marks longevity, LINZ offers free plastic cover boxes to all surveyors in New 
Zealand which may be placed over buried marks(LINZ 2017d). The plastic cover boxes are made of 
durable UV resistant high impact, black plastic with metal pins in them as shown in Figure 4.22 and 
Figure 4.23. The dimensions are surface area 259 x 229mm, height 140mm, bottom area 322 x 
284mm and it weighs 1.75kgs. There are 4 x 70mm galvanised lengths of steel 6mm in diameter held 
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Plastic Cover Boxes 
 
Figure 4.22 Plastic cover box 
(Kocoski 2017b) 
 
Figure 4.23 Plastic cover box showing steel pins and chain 
(Kocoski 2017b) 
It was decided to further investigate the possibility of utilising plastic cover boxes for mark 
protection in NSW as it costs approximately $20 NZ dollars to manufacture and distribute compared 
to approximately $50 Australian dollars for cast iron cover boxes. Two factors that were investigated 
to determine the cover boxes suitability were; 
- Design load for traffic 
- Fire rating  
The manufacture of plastic cover boxes in New Zealand is Draper Enterprises Ltd.  The company has 
provided a certificate of test data sheet (Appendix I- Plastic cover box- Test data sheet) that states 
that the plastic cover box is rated for an ultimate design load of 10kN. As such the boxes are not to 
be installed in trafficable areas.  
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Draper Enterprises Ltd.  has never commissioned testing on the fire rating of their plastic cover 
boxes. The manufacturer of the plastic that forms the cover boxes, Inno Plus by PTT Chemical, was 
contacted to determine its heat resistant performance rating.  It was determined that the plastic the 
box is made from start to melt at around 130°C and self-ignite around 300°C (Nicholls 2017). 
Appendix J- Plastics heat resistance data sheet demonstrates the plastic’s heat resistance. It was also 
noted that radiant heat and temperatures from bushfires can exceed 1200°C (Gabbert 2011), and as 
such the plastic cover boxes would fail as the radiant heat far exceeds the tolerances stated by  
Nicholls (2017). 
The New Zealand Government designed innovative ways to combat their unique land formations 
and connect their land tenure system to cater for unpredictable land movements. This has resulted 
in a semi-dynamic datum with a survey accurate DCBD. A greater understanding of the importance 
of survey infrastructure is realised by both the Government and the wider community.  
 
 
4.5. Detailed Cases 
 
Great Western Highway, Blue Mountains, NSW 
It is important to undertake field studies to determine and justify the research topic. The Great 
Western Highway as shown in Figure 4.24 was chosen as a study area and has been documented by 
Arnison (2016) and the LPI as suffering from large scale destruction of survey marks due to the 20 
years long, large scale construction and widening by the RMS of the highway across the mountain.  
This together with over 15 years of personal experience  working in the local area for Government as 
a surveyor, one can appreciate and sympathise with the consequences of development that has little 
or no concern with preserving survey infrastructure.  It has resulted in an unstable and difficult 
cadastre to reinstate due to the large scale loss of survey infrastructure. 
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Figure 4.24 Map of Great Western Highway across the Blue Mountains 
(Kocoski 2017c) 
As of January 2017 there was a total 2670 marks in SCIMS within the Blue Mountains LGA, all with 
different classifications and statuses. Table 5 is a summary of all the SCIMS marks with regards to its 
current status.   
No. of Marks Status Description Remarks 
236 D Destroyed Evidence was found that the mark was destroyed. 
37 N Not found Mark was searched for and not found, however no 
evidence exists to indicate that it was destroyed. 
17 U Uncertain Mark was found, however it was in an unstable 
condition or there was evidence that it had been 
disturbed or moved to another location. 
2351 F Found Mark was found. 
29 R Restricted  Mark has been placed in a restricted access area 
Total = 2670 
Table 5 Status of SCIMS marks in the Blue Mountains as at January 2017 
Of the 2670 marks 236 of them have been reported as destroyed, which equates to 8.8% of marks 
destroyed. If we were to include the not found marks and the uncertain marks together with the 
destroyed marks, you get a total of 290 disturbed or destroyed marks, which equates to 10.8%.  
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The construction of the Great Western Highway upgrade across the Blue Mountains was completed 
in July 2015 after a 20 year long construction period. To try and understand the impact of the 
construction SCIMS data from January 2001 will be now summarised and analysed.   
As of January 2001 were a total 2468 marks in SCIMS within the LGA of Blue Mountains, all with 
different classifications and statuses. Table 6 is a summary of all the SCIMS marks with regards to its 
current status.  
No. of Marks Status Description Remarks 
154 D Destroyed Evidence was found that the mark was destroyed. 
26 N Not found Mark was searched for and not found, however no 
evidence exists to indicate that it was destroyed. 
10 U Uncertain Mark was found, however it was in an unstable 
condition or there was evidence that it had been 
disturbed or moved to another location. 
2249 F Found Mark was found. 
29 R Restricted  Mark has been placed in a restricted access area 
Total = 2468 
Table 6 Status of SCIMS marks in the Blue Mountains as at January 2001 
Of the 2468 marks 154 of them have been reported as destroyed, which equates to 6.2% of marks 
destroyed. If we were to include the not found marks and the uncertain marks together with the 
destroyed marks, you get a total of 190 disturbed or destroyed marks, which equates to 7.6%.  
As the SCIMS data cover the whole LGA, the statistics listed above represent the change in SCIMS 
marks over 16 years with no specific reference to the construction of the Great Western Highway. To 
understand the impact, GIS analysis was employed to overlay the completed highway corridor with 
the plotted SCIMS marks. 
 To achieve this MapInfo, a GIS program was utilised to undertake the analysis.  A polyline was 
created along the centre line or median of the Great Western highway together with a 50m ‘buffer’ 
zone to ensure all construction works would be included within the analysis area.  
Figure 4.25 is a screen shot of the Great Western Highway at Wentworth Falls, showing the polyline 
centreline in red together with the 50m buffer zone shown in yellow. The red dots represent the 
permanent survey marks that fall within the zone. A 50m buffer zone was chosen as it is considered 
best practice for upgrade works to connect into local side roads. 
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Figure 4.25 Map showing polyline centreline and 50m buffer zone 
This technique was adopted over the entire length of the Great Western Highway across the Blue 
Mountains.  Table 7 below is a summary of the SCIMS marks that were located within the analysis 
area.  
No. of Marks Status Description Remarks 
106 D Destroyed Evidence was found that the mark was destroyed. 
11 N Not found Mark was searched for and not found, however no 
evidence exists to indicate that it was destroyed. 
7 U Uncertain Mark was found, however it was in an unstable 
condition or there was evidence that it had been 
disturbed or moved to another location. 
355 F Found Mark was found. 
4 R Restricted  Mark has been placed in a restricted access area 
Total = 483 
Table 7 SCIMS marks within Blue Mountains GW Hwy buffer zone 
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Of the 483 marks 106 of them have been reported as destroyed, which equates to 21.9% of marks 
destroyed. If we were to include the not found marks and the uncertain marks together with the 
destroyed marks, you get a total of 124 disturbed or destroyed marks, which equates to 25.6%.  
Of the 290 disturbed or destroyed marks in within the whole LGA 2017, 124 of those destroyed or 
disturbed marks were located within the construction zone of the Great Western Highway. This 
equates to 42.7% of marks that were either destroyed or disturbed being within the 50m buffer zone 
of the centreline of the Highway upgrade.  
Figure 4.26 is a map showing SCIMS marks (red dots) in relation to the highway upgrade. As 
illustrated four marks fall within the physical carriageway and therefore were destroyed by the 
construction. 
Results show that the GW Hwy construction is responsible for the destruction of nearly half of the 
documented SCIMS marks in the Blue Mountains LGA over the last 20 years. 
 
Figure 4.26 Map showing SCIMS marks destroyed within GW Hwy upgrade at Wentworth Falls 
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Sample Field Audit 
It is important when dealing with statistical analysis that the data the results are based off is as 
creditable and as true as it can be. As SCIMS is the single point of truth for NSW’s control network 
(Hine & Gardner 2017),  it was deemed appropriate that an audit be undertaken to verify SCIMS 
marks statuses. Whilst it would have been far more prudent to conduct an audit of all of the SCIMS 
marks in the entire LGA, as de Belin (2010) undertook, it was simply not possible or feasible to 
undertake such an audit in the given timeframes. Instead a sample dataset was randomly chosen to 
analyse SCIMS marks with respects to their status. 
Figure 4.27 below is a map showing SCIMS marks (red dots) in relation to the highway upgrade at 
Katoomba. Of the nine marks investigated (one of which cannot be seen at the map scale) only one 
mark is reported as destroyed and the other eight are reported as intact. The sample audit has 
revealed that eight of the nine marks are actually destroyed due to highway upgrade works. Three of 
the nine marks namely, GB 421, GB 422 and GB 423 were geodetic benchmarks (deep driven rods).  
 
Figure 4.27 Map showing SCIMS marks audit within GW Hwy upgrade at Katoomba 
The field audit is of a size too small to make any generalised comments regarding the state of SCIMS, 
however it does indicate that further investigation into this would be of benefit to establish the 
current status of the SCIMS records. Refer to the recommendation section of this dissertation for 
further information regarding a future project within Blue Mountains City Council.  
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Land Valuation Blue Mountains LGA: 
Blue Mountains City LGA comprises of a total land area of 1,432 square kilometres, of which 74% is 
World Heritage National Park (Russell 2015). The latest Valuer General report for Blue Mountains 
LGA was completed in July 2015 and 36,841 properties were valued at that time, based on market 
values for that period (Russell 2015). Table 8 is a summary of the total land values for the Blue 
Mountains as of July 2015. 
 
Table 8 Blue Mountains LGA land valuation 
(Russell 2015) 
As illustrated in Table 8 there is a total unimproved land value of $9.15 billion dollars within the Blue 
Mountains LGA as of 2015. This is of significance as the connection between land tenure, land values 
and boundary definition are all dependent upon the ability of the Government to guarantee title. If 
confidence in the ability to reinstate boundaries without contention becomes compromised due to 
destruction of survey infrastructure, this could result in a drastic plummet in land values. 
Ryde Local Government Area, NSW 
Ryde LGA was chosen as a study area as it is a high density residential suburb located on the fringes 
of central Sydney.  In contrast to the Great Western Highway upgrade, Ryde LGA is  40 km², as 
shown in Figure 4.28, and as narrated by de Belin (2012), has a very active capital works program 
within Council. This is of relevance as Councils historically are the worst serial offenders when it 
comes to destroying survey marks (Noad 2013b). Ryde LGA has seen wholesale loss of reference 
marks and with the construction boom in Sydney, Ryde is seeing re-development and renewal at 
unprecedented levels. All this points to traditional marking methods being short-sighted and not 
having a long lasting effect (de Belin 2015). Ryde Council is extremely proactive in the space of 
preservation and is ideally suited to conduct a case study on.  
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Figure 4.28 Map showing the extents of Ryde LGA 
(.id Consulting 2017) 
As of August 2016 there were a total 1244 marks in SCIMS within the Ryde LGA, with a range of 
classifications and statuses. Table 9 is a summary of all the SCIMS marks and their current status.   
No. of Marks Status Description Remarks 
172 D Destroyed Evidence was found that the mark was destroyed. 
23 N Not found Mark was searched for and not found, however no 
evidence exists to indicate that it was destroyed. 
4 U Uncertain Mark was found, however it was in an unstable 
condition or there was evidence that it had been 
disturbed or moved to another location. 
1038 F Found Mark was found. 
7 R Restricted  Mark has been placed in a restricted access area 
Total = 1244 
Table 9 Status of SCIMS marks in Ryde as at August 2016 
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Of the 1244 marks, 172 of them have been reported as destroyed, which equates to 13.8% of marks 
destroyed. If we were to include the not found marks and the uncertain marks together with the 
destroyed marks, you get a total of 199 disturbed or destroyed marks, which equates to 16%.  
 
As of January 2010 there were a total 1338 marks in SCIMS within the Ryde LGA, all with a range of 
classifications and statuses. Table 10 is a summary of all the SCIMS marks with regards to its current 
status.   
 
No. of Marks Status Description Remarks 
139 D Destroyed Evidence was found that the mark was destroyed. 
20 N Not found Mark was searched for and not found, however no 
evidence exists to indicate that it was destroyed. 
3 U Uncertain Mark was found, however it was in an unstable 
condition or there was evidence that it had been 
disturbed or moved to another location. 
1176 F Found Mark was found. 
0 R Restricted  Mark has been placed in a restricted access area 
Total = 1338 
Table 10 Status of SCIMS marks in Ryde as at January 2010 
Of the 1338 marks 139 of them have been reported as destroyed, which equates to 10.3% of marks 
destroyed. If we were to include the not found marks and the uncertain marks together with the 
destroyed marks, you get a total of 162 disturbed or destroyed marks, which equates to 12.1%.  
 
In late 2009 Ryde Council surveyors undertook a field audit of the SCIMS marks within their LGA to 
understand the status of destroyed marks compared to the published SCIMS data from the LPI. 
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Figure 4.29 Ryde SCIMS audit report 2010 
(de Belin 2010) 
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The results show that the large scale loss of marks in the Ryde LGA area; 87% are directly attributed 
to approved Council works. The audit also investigated the lifespan of each mark (i.e. when was it 
placed), and determined that 101 marks (two thirds of all marks) were younger than 20 years. Of 
those 101 ‘young’ marks 100 of them were SSMs and only one was a permanent mark! de Belin 
(2010) also reported that at the time of the audit, the LPI were issuing SSM to surveyors at a rate of 
10-to-1 compared to permanent marks. The results show that permanent marks are far superior to 
SSMs in terms of longevity as it’s not the type of mark that is the issue, however it generally aligns to 
where and what medium the mark is placed in.  
The data also shows that there has been a decrease of 4% in destruction of survey marks from 2010 
to 2016, due to the Councils innovations in addressing the problem.  
 
Land Valuation Ryde LGA: 
The Ryde City Council area is situated approximately 12 kilometres North West of the Sydney Central 
Business District, comprising an area of approximately 40.6 square kilometres and a population of 
about 113,000 people (Long 2015). In 2015 a total of 26,043 properties have been valued. Table 11 
below is a summary of the total land values for Ryde LGA as of January 2015. 
 
Table 11 Ryde LGA land valuation 
(Long 2015) 
As shown in Table 11 there is a total unimproved land value of $28.1 billion dollars within the Ryde 
LGA. Compared to the Blue Mountains there are 10,798 less properties within Ryde, however they 
are worth a combined $19 billion dollars more. As discussed in the Blue Mountains case study, if 
confidence in the ability to reinstate boundaries without contention becomes compromised due to 
destruction of survey infrastructure, this could dramatically decrease the value of the land in the 
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4.6. Chapter Conclusion  
 
This chapter outlined the data and results obtained from various research methods. The 
questionnaire received 324 respondents and 685 individual comments. The results from the 
questionnaire presented some clear themes from the respondents that will be explored in finer 
detail in the next chapter. 
The State and Territory case studies revealed that all jurisdictions have some form of legalisation or 
regulation pertaining to protection of survey infrastructure together with fines for breaching said 
legislation. Each jurisdiction has a CORS network, all with different density levels. It can be concluded 
that there is a genuine desire in each jurisdiction to maintain and preserve survey infrastructure. 
New Zealand as a case study has revealed the importance of both passive and active survey 
infrastructure, and the role it plays as a national infrastructure. The changes in legislation to deal 
with mass land movement in a Torrens Title system have achieved superior results. The invitation for 
surveyors to access free plastic cover boxes together with the inclusion of survey infrastructure in 
‘before you dig’ has raised the importance and awareness of survey infrastructure nationwide. 
The results from the detailed case studies revealed some interesting statistics, and that regardless of 
the study area, there is a profound problem with destruction of survey infrastructure. The data also 
revealed that if there is an appropriated strategy in place to deal with POSI then encouraging results 
can be achieved.  
Chapter five of this dissertation will discuss the findings of the research in detail and connect the 
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Chapter Five   
 
5. Discussion  
5.1. Introduction 
 
This Chapter combines all the data and results collected from the questionnaire, the State and 
Territory case studies, detailed case studies and the overseas case study to analyse and interpret 
their meaning. The data and results will be discussed in the context of the published literature in 
order to make meaningful conclusions from the research.The innovations that have been developed 
by various departments and bodies found by this research will be examined to determine whether 
they have had an effect on the longevity and future management of survey infrastructure.   
    
5.2. Questionnaire  
 
The questionnaire formed the foundation of this research and therefore needed to produce enough 
quality data that it could be analysed in a meaningful way. As shown there were a total of 324 
respondents plus an additional 685 individual comments made. The number of respondents and 
comments made far exceeded the author’s expectations, as McDougall (2005) received 161 
responses for his Queensland survey mark infrastructure questionnaire. However due to the 
methodical approach adopted for this research, this outcome was probable.  
Survey Monkey (2011b) established that a questionnaire designed with 15 questions or less and sent 
out on a Monday morning would achieve a higher response rate. Benchmark Internet Group (2017) 
quoted that the survey should not take longer than 5 minutes to complete and Survey Monkey 
(2011a) cited that the majority of people will respond in the first day. The results shown in Figure 4.1 
demonstrate that nearly 200 people responded on the first day being a Monday morning. There was 
also a huge decline in response thereafter, and little to no responses after the second week, all of 
which is supported by the literature.  
The selection criterion for recruitment was an important consideration in the development of the 
questionnaire.  A high weight was placed on this prior to the release of the questionnaire. It was 
important to obtain opinion from a wide range of disciplines and not restrict the research to just 
spatial professionals. A crucial factor to obtaining 324 responses was the endorsement of the 
Surveyor General of NSW (Underwood 2017a) in supporting this research. This gave the creditability 
the research needed, especially when correspondence was sent to 128 NSW Councils. 
57% of the respondents work in private practice, 15% State Government and 25% were local 
Government employees. This is a disappointing result as (Noad 2013b) argues that Councils are the 
greatest destroyer of survey infrastructure and de Belin (2010) also concurs with this. A higher 
response rate from local Government would have been preferable.  
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There was a good cross section of disciplines that participated with 75% being surveyors and the 
remaining 25% being of a related profession. This diversity of respondents is important as survey 
infrastructure is often not understood or appreciated by decision makers and is largely undervalued 
throughout all levels of Government (McDougall 2005).  80% of organisations employed a surveyor 
as salary staff and 90% of those organisations had at least one registered surveyor employed. This 
would tend to suggest that cadastral work is undertaken and that there is a high appreciation of 
survey infrastructure within those organisations. 
An objective of this research was to understand who the participants believe own survey 
infrastructure, as this is a key factor in its longevity and future management. 47% of participants 
believe that the Surveyor General is the absolute owner of survey infrastructure in NSW, followed by 
the LPI. This is not surprising as Gardner (2013) comments that an objective of the Surveying & 
Spatial Information Act is to ensure the maintenance and on-going development of the State survey 
control network, section 9 of the Act discusses the maintenance and repair of permanent survey 
marks. There was however a substantial opinion amongst participants, scoring 15%, that the public 
or the community is the owner, controlled by the Surveyor General. The comments behind these 
results all state they believe this because the community is the main benefactor of survey 
infrastructure. In his paper de Belin (2012) quoted that ‘the community shall do its utmost to 
preserve survey infrastructure’, which is supported by the 15% of participants believing  they should. 
94% of respondents were aware that significant fines apply for destroying or disturbing survey 
infrastructure, only 6% were unaware. This is an encouraging result, however not unexpected as 
penalties for interference have been in place since the creation of the Survey Mark Act of 1902,         
(over 115 years) and all State and Territories studied have legislation and penalties concerned with 
destruction.  
Another aim and objective of this research was to investigate what type of ‘permanent mark’ (either 
a state survey mark or a permanent mark as defined by the Act) should be placed in order to prolong 
its longevity with integrity. 58% of respondents said that a SSM was the most common mark type 
placed and 27% for a permanent mark. This is where surveyors need to change their practice of 
permanent markings as the de Belin (2010) audit of Ryde revealed that of the 101 marks destroyed 
only one was a permanent survey mark. If 58% of organisations are placing SSM’s then there is a 
high chance they will be gone in 20 years compared to if a permanent survey mark was placed 
instead. This again has to do with a SSM being typically placed in a concrete structure like kerb and 
gutter which has a short life span.The 27% of surveyors placing permanent marks is higher than the 
rate at which the LPI is issuing SSM’s (10-1) as reported by de Belin (2010), which is reassuring. These 
results obtained also reinforce the driver behind the LPI 2015 review of SSM types as the evidence of 
poor location and installation methods was resulting in damage or complete removal (London 2016).   
This research set out to briefly examine the location and type of reference marks placed by 
organisations. 60% of participants quoted that a drill hole & wing were the most common type of 
reference mark placed followed by 17% placing GIP’s. This practice strengthens the argument that 
placement of marks in a concrete structure which has a short lifespan London (2016) is reality in 
unsuitable in today’s world for ensuring a long-lasting survey reference mark de Belin (2015). The 
Ryde case study also revealed that the 2014 capital works program removed 6,400 cubic meters of 
concrete containing an unquantifiable number of drill hole and wings. GIPs placed in cover boxes 
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have a higher chance of survival compared to drill hole and wings. However, a caveat on that 
statement would be that it would depend on the soil types as Covell (2016a) showed that certain 
soils conditions can corrode steel and destroy the mark within 50 years. 
Overwhelming 94% of respondents believe that survey infrastructure should be included in ‘dial 
before you dig’. Of the 31 individual additional comments made on this question there was a 
consistent theme of cost and who is to pay for such a service. Underwood (2017b) also expressed 
her concerns with regards to cost, however at the time of writing this dissertation 25% of Councils in 
NSW were members of DBYD (DBYD 2017). This could be leveraged to include survey infrastructure 
in their asset registers and searches. Chan (2016) suggests that survey infrastructure could be better 
protected if it was listed in DBYD and this research supports his findings. This approach has already 
been adopted by Sydney City Council (Urquhart & Livingstone 2017) and could be implemented by 
the remaining 30 Councils.  
The question of free cover boxes provided by Government to surveyors that follows the practices of 
New Zealand, resulted in 80% of participants agreeing with the proposal, 14% against it and 6% not 
applicable.  The were 48 individual comments made on this question all with mixed views, however 
an interesting comment from a surveyor who worked in New Zealand was “Coming from the NZ 
system to NSW, there is major difference in the respect for Survey Infrastructure. This may help 
people understand that these marks are important to everyone involved in construction”. This 
highlights the consistent subject of education and awareness of the general public in relation to 
survey infrastructure. This question will be further addressed in the discussion of the overseas case 
study. 
Question 14 revealed surprising results when the participants were asked who or what is the major 
cause survey infrastructure destruction. 34% believed it was local councils followed by an 
unexpected 34% stating it was utility service providers. This level of destruction by service providers 
dates back to the 1930s when the marking standard of 1'6" offset from a corner was subsequently 
destroyed by the installation of Telecom at the same offset(Dunstan 2017). de Belin (2012),de Belin 
(2010) and Noad (2016) all quote that local councils are the greatest offenders, however the results 
from this question show that participant believe that utility services providers are on par at  34% 
each. There was 53 individual comments made on this question and the majority of comments were 
in relation to the National Broadband Network (NBN) or telecommunication company’s complete 
disregard for survey infrastructure.  
A lesson that could be learned from this type of research is that open ended questions, whilst may 
provide the author with critical information are extremely hard to quantify. As discussed in the 
results section, Question 15 had 51% of respondents quoting to have no formal policies or 
procedures. Both questions 15 and 16 had some consistent reoccurring comments that indicated 
Councils need to become more proactive and utilize their consent conditions. This is supported by 
Urquhart (2016), as he  suggest that Councils need to take an active role in the public domain to 
protect survey infrastructure.  
 A substantial amount of comments was made in relation to enforcement of the Act and prosecution 
of offenders, as respondents see it as a ‘toothless tiger’ (Noad 2014). However it has been quoted by  
Noad (2013b)  that catching the offender is extremely difficult although greater efforts will be 
pursued to reinforce the importance of survey infrastructure (Underwood 2017b). The open ended 
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responses by respondents were all consistent with literature sources with no inconsistent results. 
Education and awareness were dominating lyrics produced throughout responses and the clear 
message being voiced by participants.  
A respondent quoted “If marks are so important then they need to be more visible and the public 
needs to be more educated. Why are PM boxes destroyed and hydrant covers aren’t?” This simple 
quote demonstrates that the public would destroy a PM box as they most likely don’t know what it 
is, however they would not dare destroy a fire hydrant as they recognise and understand its 
purpose.  All this just reinforces the fact that the public know what and why that fire hydrant is there 
for, however has no understanding what or why survey marks is placed for. 
It is clear that the profession needs to do more in this area to get the message across, including 
survey infrastructure in ‘Dial Before You Dig’ like New Zealand has done. ‘Think twice before you dig’ 
is the motto employed by The Institute of Public Works Engineering Australasia (IPWEA). This gets 
the message across to everyday people and it will be on people’s mind when undertaking a 
construction project. The large scale infrastructure projects that the RMS are working on have 
significantly raised the awareness and the POSI pack is a great start to the cause (Dervisevic & 
Gilmour 2017). 
The response rate together with the calibre of cross sectional disciplines has provided the author 
with a creditable data set for analysis. The level of commitment in the open ended responses 
demonstrate the passion respondents have for preserving survey infrastructure  and readers of this 
dissertation are encouraged to read through Appendix G-  to gain an in depth understanding of 
individual responses. All the data and comments really tie the consistent theme of education and 
awareness together which has really been historically a significant issue. 
 
5.3. State and Territory Jurisdictions 
 
Section 3.10 outlined that a pyramid approach from the top down will be researched to understand 
the ‘state of play’ for the broad jurisdictions chosen.  The results revealed that all jurisdictions have 
legislation that deal with destruction and protection of survey infrastructure and penalties 
associated with it. After consultation with all jurisdiction departments no evidence could be found of 
any offender ever been charged let alone prosecuted for any offences relating to destruction of 
survey infrastructure. Underwood (2017b) also confirmed this for NSW. 
An interesting observation in Victoria was that for a State with highest density of CORS stations and 
permanent marks, the legislation that governs them was transcribed in 1958, decades before GNSS 
was even invented.  Victoria may have the densest network however, it demonstrates that quality 
may not be the answer over quantity. Fraser (2016)  commented that while an active CORS network 
is a valuable asset, a passive ground network is needed to measure physical change over time. 
Monuments are the best way to measure such changes. This is also confirmed by Allerton et al. 
(2015) where the use of passive bench marks are crucial for the propagation of the national datum 
especially with the introduction of  next generation datum, GDA 2020.  
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All jurisdictions have an active CORS network with a combination of Government and private 
providers.  For the last several years LPI has been expanding its CORS network to become Australia’s 
largest Government operator (Gowans 2017). This commitment to building world class survey 
infrastructure was recognised on 26 February 2015 with the United Nations adopting resolution 
69/266 entitled “A Global Geodetic Reference Frame for Sustainable Development” (UN 2015). NSW 
CORS network continues to expand and LPI aims to release its 200th CORS in conjunction with the 
release of GDA 2020 (Janssen et al. 2016).  
Similarly all jurisdictions have some form of online mapping with layers of information including but 
not limited to, land tenure, property details, rights and restrictions, survey marks and so on. In NSW 
this information has just recently become readily available through SIX maps to the public in 
accordance with the NSW Government open data policy (NSW Government 2016).  
Making spatial data free to the public can only increase its profile and make consumers more aware 
of its role and hopefully its importance. With regards to open data, NSW was the snail in the race 
when compared to Tasmania, which has had its spatial data made available online free since 2002 
(Strong 2017). This has made it very easy for non-spatial professional to gain access and understand 
its importance. 
Each Jurisdiction has a slightly different approach to preservation of survey infrastructure with 
various innovations being developed. Tasmania’s locality sketches that include a photo of the mark, 
as shown in Figure 4.19, are such simple ideas that provide a wealth of information for the users. 
This practice is starting to be adopted in NSW with the preservation and upgrade of trigonometrical 
stations project by the LPI. This project included digital photos that allow users quick references to 
the condition of monument including suitability for GNSS survey, vegetation regrowth etc. (Gowans 
et al. 2015). The simplest ideas seem to be the most effective for long term management of survey 
infrastructure. 
NSW has spent considerable resources over the last few years in developing new guidelines, new 
marks, new technology applications and updating survey practice regulations. The redesign of the 
SSM (Hegerty 2015) has its merits and should ensure longevity and protect it. Figure 5.1 is an 
example of the older style SSM (left) and the newly designed SSM (right). As illustrated, the older 
style which is larger in size had poor installation methods and the newly designed one should over 
right these poor field procedures and ensure permanence. 
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Figure 5.1 Old SSM and newly designed SSM 
(Kocoski 2017d) 
The remake of the Surveying and Spatial Information Regulation 2017 has given provisions for a 
‘reference mark token’ to be included in the release of the regulation.  The Surveying and Spatial 
Information Regulation 2012 introduced the ‘boundary mark token’ as an approved boundary mark 
as shown in Figure 5.2. If the profession went away from placing marks that have no meaning to the 
general public, like drill hole and wings, and placed boundary and reference marks that say 
something like, ‘boundary mark’ or ‘survey reference mark’, this could potentially extend its 
longevity. 
 
Figure 5.2 Schedule 2 extract from 2012 SSI Regulation 
(NSW Legisation 2012) 
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Figure 5.3 below is an example of a boundary marker, verses a drill hole and wings that represent 
the boundary corner. 
 
             
Figure 5.3 Boundary token Vs Drill hole & wing 
 
As shown, the boundary token demonstrates a clear intention of what the mark represents. The 
boundary token can be purchased for $4 (HTD Kerbmarkers 2017) , which is an inexpensive cost that 
could be added onto the cost of consumables and materials for each project. A traditional boundary 
peg costs around $3; however the boundary token would only be placed where a peg cannot. This 
could also be reproduced for reference marks, which again reiterates the awareness and education 
theme that has been identified in this research.  
The NSW survey mark application is a fantastic way for users to find mark information and update in 
the field. The ability to take photos, upload and update in the field is a simple way for users keep the 
state’s database current. There is room for improvement in the software of the application and this 
was acknowledged by Underwood (2017b) with a version 2 being release in the near future. This 
innovation will help ensure users provide the latest information back to the state. 
The ACT’s ‘Fix My Street’ online feedback reporting system is a great way for the general public to 
report surveying infrastructure issues to Government. This style of feedback commentary could be 
adopted by local councils as the vast majority of councils manage all infrastructure services, such as 
water, sewerage, etc. This is essentially another piece of infrastructure that could be managed by 
Councils. It may be that some issues are referred back to the LPI, however the hardest part is getting 
the public to report it in the first instance. The public would first need to be aware of what survey 
infrastructure is before they could comment on it, again linking it back to the education theme.  
This is where using unconventional methods from crowd sourcing data, such as ‘Geocaching’ needs 
to be further investigated. The beauty about this data source is that the general public are doing the 
work for the profession for free and with some level of integrity. It would logical to incorporate this 
data into the survey infrastructure management process as the benefits are high. 
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It is a requirement that the geo-hunter must lodge the following;    
1. A picture of the marker with a GPS Unit beside it; 
2. Coordinates included and date; 
3. A description of where the marker is located; and 
4. The terrain it is located in (Geocaching Australia 2017b) 
 
Figure 5.4 below is another example of SSM 63355 found on Bridge Street, Lidcombe, by geo hunter 
‘Greenbeetle Nut’. All the information submitted by the geohunter is very similar to what you would 
ask a surveyor to log as part of the LPI survey mark application or SCIMS database. An added bonus 
is that the data has metadata attached to it which gives it a higher level of integrity. This information 
should be utilised by the profession as it could potentially provide the geohunter an ownership 
sensation, which in turn could lead to more marks being found as a sense of meaning and purpose is 
established. This help with addressing the education and awareness theme. 
 
Figure 5.4 SSM 6355 found by Geohunter 
(Geocaching Australia 2017a) 
5.4. Overseas Cases 
 
To meet one of the objectives of this research, future management of survey infrastructure, a case 
study of New Zealand was conducted as the innovations determined by the New Zealand 
Government post 2011 earthquake, resulted in the development of  a dynamic datum with a semi 
coordinated cadastre (Underwood 2013). This innovation has potentially provided the ability to plan 
for future natural hazards in New Zealand (Robertson et al. 2016).  
As shown in section 4.4, the results for this case study revealed that New Zealand employs a similar 
land tenure system to Australia, however New Zeeland was forced to develop innovative means to 
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deal with land movement that were caused by the 2011 earthquakes (Powell 2016). The importance 
of survey infrastructure and the role it plays in society quickly became apparent in the aftermath of 
the 2011 Canterbury earthquake  as the movement altered the spatial position of survey 
infrastructure in the Canterbury region (Blick et al. 2011).  
As discussed in section 4.4, survey infrastructure is identified and listed in New Zealand’s ‘before you 
dig’ service. LINZ is a member of this service and they get notified if and when any potential 
construction works are likely to disturb or destroy survey marks (LINZ 2015). Ward (2014) discusses 
that NSW should consider adopting some of the practices that LINZ has implemented and places 
particular emphasis on DBYD. This service not only provides protection for survey infrastructure, but 
it does much more with regards to raising public awareness and to why they need to protect it. 
While policies and procedures are valuable documents to professionals, these do not offer the public 
insights as to what the object is, and what its purpose may be. By having survey infrastructure 
included in ‘before you dig’ it raises the awareness to the general public that it should be protected.  
LINZ stipulates in section 7.4.3 of the rules for cadastral surveys 2010, that permanent reference 
marks placed are expected to last at least 50 years. By giving surveyors a numerical value of 50 
years, it really reinforces the intention of the word ‘permanent’ and denotes a life expectancy.  By 
contrast The Surveyor General’s Directions No. 1 Approved Permanent Marks state that a 
permanent mark is a stable and durable mark of a permanent nature (LPI 2016b). Whilst the 
intention of the definition is clear and admirable, if a numerical value (in years) was attached to the 
definition it could make the intention much more explicit. London (2016) suggested that concrete 
(kerbs and footpaths) has a lifespan of only 20 years which is really not the intention of the word 
‘permanent’ and that having a numeral value added may achieve the true intention of the definition. 
The in-depth research into LINZ plastic cover boxes was performed as it was hoped that they could 
have been a cost effective solution to increase mark longevity.. Question 13 of the questionnaire in 
this research also showed that 79% of participants agreed with this approach. Whilst the concept is 
still thought as an appropriate measure to help preserve survey infrastructure, utilising plastic boxes 
in Australia has been deemed inappropriate due to their vulnerability to bushfires. A modified 
innovative version of this protection treatment has been adopted by some Sydney city councils, with 
de Belin (2012) leading the way in the Ryde LGA by utilizing steel cover boxes. 
With LINZ inserting survey infrastructure into the countries ‘before you dig’ service, it has raised 
awareness of the importance or survey infrastructure and the role it plays as a service to the 
community. The invitation for surveyors to utilise free plastic cover boxes has further reinforced the 
countries commitment to preserve survey infrastructure.  It is noted, that due to the plastic’s heat 
performance rating, it would be deemed unsuitable for Australia’s environment considering the 
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5.5. Detailed Cases  
 
Great Western Highway, Blue Mountains, NSW 
As established in section 3.10, SCIMS data was utilised to undertake a statistical analysis across the 
80km stretch of. The data and results obtained from this case study revealed some interesting 
trends that will be discussed in detail.  
The 2017 SCIMS data showed that there were a total of 2670 marks in the LGA. Blue Mountains LGA 
has a total land area of 1,432 square kilometres (Russell 2015) which equates to roughly 1.8 marks 
per square kilometre. This figure however is grossly skewed considering that 74% of the area is 
World Heritage Nation Park, 14% is public reserves and only 12% is available for human settlement. 
(Russell 2015).  Therefore there is only approximately 171.8 square kilometres of habitable land 
which equates to a density of approximately 15.5 marks per square kilometre.    
Scotney (2003) in his research quoted that “to achieve co-ordinated accuracy of 0.1m in an urban 
environment, which is generally considered to be lots less than one hectare, the general density 
used is one mark per 30 land parcels”. This formula equates to 1 mark per 300,000m² (30Ha), 0.3 
square kilometres, or roughly 3 marks per square kilometre. If the number of marks only is 
considered, and not their quality levels, then a ratio of 15.5 marks per square kilometre would be 
considered more than adequate. 
The 2017 SCIMS data showed that 290 marks (10.8%) were destroyed or disturbed throughout the 
entire LGA. This figure is consistent with other LGAs as about 10% of survey control marks in the Port 
Macquarie-Hasting area have been reported as destroyed, uncertain or not found (Ward 2014).  
These figures are post construction, as construction of the Great Western Highway was completed in 
July 2015. In comparison the 2001 SCIMS data (pre-construction period) showed that 190 marks 
(7.6%) were destroyed or disturbed. This figure would then suggest that there was only an extra 100 
marks that were destroyed from 2001-2017, the construction timeline period for the Great Western 
Highway. As explained in section 4.5 this does however not reflect the true amount of destruction as 
narrated by Arnison (2016) as these statistics cover the entire LGA, not the construction zone of the 
Great Western Highway. 
The GIS techniques employed created a 50m buffer zone around the centreline of the Great Western 
Highway. Table 7 showed that 483 of the 2670 marks fell within this zone. Of the 483marks, 124 of 
them, or 25.6%, were reported as disturbed or destroyed. Where the results start to show the true 
level of destruction which resulted in investigation from the LPI of the RMS for large scale 
destruction of marks (Arnison 2016),  is that of the 290 destroyed marks within the whole LGA, 124 
of them fell within the construction zone. This equates to a staggering 42.7% of all marks being 
destroyed in the LGA being within the 50 buffer zone of the centreline upgrade.   
While it is not fair to lay blame on the RMS as the sole organisation responsible for nearly half of the 
destruction of survey infrastructure across the mountain, Dervisevic and Gilmour (2017) state that 
unless a field audit is conducted prior to construction and the status of all marks investigated, then it 
is just assumed that the project is wholly responsible for all destruction.  That being said, it would be 
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reasonable to suggest that the RMS played a significant role in the destruction of survey 
infrastructure across the mountain considering they were put on notice from the LPI (Arnison 2016). 
The results from the sample field audit, whilst too small to make general comments, did reveal that 
perhaps the status of SCIMS does not truly reflect the current situation on the ground. The smart 
phone application being developed by the LPI  (Spatial Services 2017 ) could potentially improve the 
database as users can update mark information in real time.  
Even though this is a small area, all of these marks were included in the 483 marks within the 50m 
buffer zone.  What this tells the reader is that the 42.7% of destruction caused by the highway 
upgrade is the lowest possible percentage, as it is based on the current status’ in SCIMS. This would 
therefore suggest that the number is potentially much higher than 42.7%. If we add just the 
additional audited 8 marks destroyed, that gives 298 marks destroyed in the entire LGA, 132 of them 
within the 50m buffer zone. Even with this small increase it then changes the statistics to 44.3%. This 
data shows the importance of fields audits as narrated by Dervisevic and Gilmour (2017) and 
conducted by de Belin (2010), which is shown in Figure 4.29. 
 
Land Valuation Blue Mountains LGA: 
 
The purpose of including land valuations in the results was to try and establish a link between 
unimproved property values and survey infrastructure, as the importance of survey marks is largely 
undervalued throughout all levels of Government (McDougall 2005). 
As illustrated in Table 8 there is a total unimproved land value of $9.15 billion dollars within the Blue 
Mountains LGA as of 2015. Ward (2014) in her paper placed a monetary value of approximately 
$10,000 per permanent mark based on her detailed costing for reinstatement. This figure also aligns 
with The Surveyor General Directions No. 11: Preservation of Survey Infrastructure, (LPI 2015) 
versions 1 through 3, with $10,000 per mark towards the cost of reinstatement. 
If $10,000 per mark was adopted as a nominal figure, and there are 2670 SCIMS marks, that gives a 
value of $26.7 million dollars’ worth of survey control within the LGA. 290 of these marks are 
reported as destroyed which equates to $2.9 million dollars’ worth of destruction.  
Unlike permanent survey marks, which are tabulated in SCIMS, there is no quantifiable way to 
calculate the number of reference marks within the LGA.  Ward (2014) devised a conservative 
formula of each parcel having one reference mark and a value of $100 per reference mark. As of July 
2015 there were 36,841 parcels in the Blue Mountains LGA (Russell 2015) . This would give a value of 
$3.68 million dollars’ worth of cadastral reference marks in the LGA.  
This would then give a total combined value of all survey infrastructure in the Blue Mountains to be 
$30.3 million dollars. If a connection is made between land values and survey infrastructure which 
ultimately defines the land tenues and cadastral boundaries, then you have $30.3 million dollars 
supporting $9.15 billion dollars of unimproved land values.  
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This equates to less than 0.3% of the total value of unimproved land values. This figure of $30.3 
million dollars is also significant from an asset management point of view, as placing a dollar value 
on survey infrastructure is the only way to gain management support for preserving it (Urquhart & 
Livingstone 2017). An Aim of this research was to examine the rate of loss of survey infrastructure, 
so decision makes can better understand the importance it plays, this can only be achieved by 
assigning a value to it in an asset management system. 
 
Ryde Local Government Area, NSW 
 
By comparison the Ryde LGA case study area is a fraction of the size of the Great Western Highway 
case study. As shown in Figure 4.28, Ryde LGA is only 40 square kilometres, compared to 1,432 
square kilometres of the Blue Mountains. To keep the data and results consistent, SCIMS was again 
utilised to undertake a statistical analysis of Ryde LGA.  
The 2016 SCIMS data showed that there were a total of 1244 marks in the LGA. Ryde LGA is roughly 
40 square kilometres (Long 2015) which equates to a density of approximately 31 marks per square 
kilometre. As quoted by Scotney (2003)  “to achieved a co-ordinated accuracy of 0.1m” in relation to 
the DCDB, 3 marks per square kilometre is required.  Ryde has a density of 31 marks per square 
kilometre, far exceeding this and double that of the Blue Mountains.  
The 2016 SCIMS data showed that 199 marks (16%) were disturbed or destroyed through the LGA. 
This figure is slightly higher than other reported LGA’s like the Port Macquarie-Hasting area at 10% 
destruction (Ward 2014). On comparison the 2010 SCIMS data showed that there were 162 
destroyed marks out of the total 1338 (12.1%). This shows a marginal increase of 37 marks or 4% 
over 6 years. This increase aligns with Ryde Councils expansion in their capital works program (de 
Belin 2012). This marginal increase of only 4% compared to a potential higher increase is thanks to 
Council’s survey section and their dedication to preserve survey infrastructure.  
The 2010 audit conducted by de Belin (2010), shown in Figure 4.29, reveals that an astonishing 87% 
of all destruction in the Ryde LGA was directly contributed to Council approved works. This 
staggering statistic supports Noad (2013b) arguing that Councils are the biggest destroyers of survey 
infrastructure. This opinion is further reflected by this research, as 34% of respondents to question 
14 believed that Council are the major cause of destruction of survey infrastructure.  
The audit also shows that of 100 of the 101 destroyed ‘young marks’ were SSMs placed 20 years ago. 
This amazing statistic clearly demonstrates that placing a permanent survey mark is far superior to 
placing a SSM. This could be linked to the medium that the mark is placed in and that concrete has a 
lifespan of only 20 years London (2016).  
The Ryde LGA case study and the active capital works programme of the Council shows that the 
construction of new kerbs, roads, footpaths and drainage structure occurring within the road 
reserve, or public domain has devastating effects on survey infrastructure. This is further 
substantiated  by London (2016) with the road reserve containing the majority of destruction and 
therefore it would seem logical to place high order survey infrastructure in community lands.  
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The case could be made that in town centres or highly developed urban areas, like Ryde City, survey 
infrastructure should be placed in significant building structures, like historic houses or significant 
brick fences (Noad 2016), all of which should survive longer then kerb and gutter in the public 
domain. With the redesign of the new SSM (Hegerty 2015) and the remake of the Surveying and 
Spatial Information Regulation 2017, the opportunity to place a ‘reference mark token’ or a discreet 
SSM in these more significant structure outside of the public domain, seems logical and could help 
with the preservation of survey infrastructure. 
 
Land Valuation Ryde LGA: 
 
As illustrated in Table 11 Ryde LGA comprises a total unimproved land value of $28.1 billion dollars. 
If the methodology of assigning a monetary figure of $10,000  per mark as outlined in the Blue 
Mountains land valuation section, was adopted, and there is 1244 SCIMS marks, that gives a value of 
$12.44 million dollars’ worth of survey control. Of the 1244 marks, 199 of them are reported as 
destroyed, which gives a value of $1.99 million dollars’ worth of destruction.    
SCIMS control marks are only part of the equation; reference marks also need to be considered 
when placing a monetary value on survey infrastructure. As there is no quantifiable way to calculate 
the number of reference marks in the Ryde area, the Ward (2014) formula will again be consulted. 
Table 11 showed that there are 26,043 parcels of land as of January 2015 (Long 2015). The Ward 
(2014) formula assumes reference mark per parcel valued at $100. This would give a value of $2.6 
million dollars’ worth of cadastral reference marks in Ryde.  
This would now give a total value of all survey infrastructure in Ryde LGA to be $15.04 million 
dollars. This is roughly half the value of the Blue Mountains LGA, however Ryde is only a fraction of 
the size. What is very interesting is that when the connection between land values and survey 
infrastructure is made, you now have $15.04 million dollars supporting $28.1 billion dollars of 
unimproved land values. This equates to 0.05% of the total unimproved land values. A key note to 
make is that $28.1 billion dollars does not include any improvement to the land, these 
improvements alone would be substantially more given Sydney’s property market (CoreLogic 2017). 
As narrated before the ability to reinstate a boundary with a high level of confidence is highly 
dependent upon this infrastructure being on the ground. The potential consequences in boundary 
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5.6. Chapter Conclusion 
 
This chapter gathered all data and results obtained from the various types of research and case 
studies undertaken and established a connection with published literature. The questionnaire was 
constructive in obtaining a great number of respondents with a broad cross section of disciplines. 
The methodology that was implemented in the design and recruitment process has proven to be 
very successful in obtaining a vast array of comments from multiple organisations and professions. 
The results from the questionnaire revealed some unexpected data trends, especially with regards 
to ownership of survey infrastructure, which was one objective of this research. The connection 
between destruction and responsibilities also exposed a strong opinion towards utility providers 
being equal to local Government, which was contrary to the literature review.  
The broad analysis of State and territory jurisdictions established that there is a genuine desire to 
preserve survey infrastructure and that all jurisdictions have a similar and standardised approach. 
Some jurisdictions have slightly more proficient means and innovations for future management of 
survey infrastructure and it was shown the Councils need to take more responsibility in this space. 
Marking standards were consulted with regards to existing and draft regulation and directions, 
which presented the reader with logic toward conveying a message to the general public about what 
the marks mean. The marks in the ground left behind for future generations, need to command 
more respect and explain the intention of what the marks represent. There is a great opportunity for 
crowd sourcing data to integrate captured data into Government databases and to encourage 
ownership towards documenting survey infrastructure.  
The New Zealand case study highlighted the critical importance of survey infrastructure in 
devastating times. Whist catastrophic events occurred, the emphasis on spatial data was at the 
forefront of Government planning and the role it plays in a country’s infrastructure portfolio’s was 
greater understood by Government and the public. Unfortunately the innovative practice of 
supplying plastic cover boxes to the profession was deemed not appropriate for the Australian 
environment.  The level of destruction occurring in vastly different LGA’s was shown in the detailed 
case studies of Ryde and the Blue Mountains. The statistical data derived from the Blue Mountains 
case revealed that the true amount of destruction occurred within 50m of the centreline of the 
Great Western Highway and that nearly half of all destruction was caused by this upgrade. The case 
study also highlighted the importance of field audits and that responsibility cannot be assumed, 
however the data does suggest the RMS had a significant role to play. 
Ryde LGA on comparison proved that mark placement is critical in an active Council LGA and that 
placing SSMs is not achieving the intention of the word ‘permanent’ as they are not lasting 20+ 
years. This case demonstrated that permanent survey marks are far superior to SSMs and that 
placing critical infrastructure in community lands is a logical approach to ensure its longevity.      
Both detailed LGA cases made a solid connection between land valuations and the survey 
infrastructure that supports Australia’s land administration system. This connection demonstrated 
that the value placed on survey infrastructure is only a minuscule percentage of what land values are 
worth and that greater management is needed. The link between these aspects needs to be greater 
understood by Government and the public to ensure the future management of survey 
infrastructure.     
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6.1. Concluding Remarks 
 
This chapter outlines the conclusions drawn from this project, links the results and discussion back 
to the aims and objectives and outlines key finding of the literature review. This will then in turn 
establish the further research required to develop and improve on the findings of this dissertation.  
The analysis of current legislative requirements to protect survey infrastructure showed that each 
state and territory consulted has a mechanism in place to adequately deal with the subject matter. 
While there were some differences, the overall objectives were similar throughout the jurisdictions 
and there is a genuine aspiration to protect survey infrastructure. The main issue is that there is no 
evidence of any jurisdiction enforcing the legislation for destruction of survey infrastructure which 
leads to a ‘toothless tiger’ in the eyes of many. For legislation to play an effective role in POSI, it 
needs to be actively enforced. 
The NSW Government and some local Government bodies have been proactive in the space of 
preserving survey infrastructure in recent years and have committed substantial resources to ensure 
its longevity. At the higher level the NSW Government has reviewed regulations and directions 
dealing with POSI which has strengthened how projects conform to the new directions. At the local 
level some NSW Councils have taken a more LGA specific approach. Councils have used the 
development application framework by inserting clauses into their consents specifying relating to 
POSI, which forces developers to manage survey infrastructure appropriately like any other type of 
critical infrastructure.  
A major objective of this research was to investigate innovative strategies for the future 
management of survey infrastructure. The terminology ‘future management’ is more than 
protection and longevity, but rather how best to achieve greater awareness, preservation and 
understanding the importance of survey infrastructure. A key agenda here is to link it with a financial 
measure that decision makers can better relate to. This project found that education and awareness 
is sorely lacking in Australia by both the general public and decision makers compared to New 
Zealand, however it took a catastrophic event for this to be realised in New Zealand. The case 
studies found that there are several innovations being utilised across the country and that NSW is 
heading in the right direction with innovative technologies and reviewing regulations and directions.   
The literature review found that unconventional methods from crowd sourced data, could potential 
be used by Government to better manage survey infrastructure and providing an ownership 
sensation to the public could lead to more marks being found as a sense of meaning and purpose 
being established. 
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The methodology implemented for the questionnaire proved to be successful in obtaining creditable 
results that provided for a ridged analysis. The cross section of disciplines enabled a for a broad 
spectrum analysis that was able to meet the aims and objective of this research.  
The detailed case studies showed the audience that regardless of the LGA, there is a consistent 
problem with destruction of survey infrastructure and the intensity of the destruction can be 
mitigated with an appropriate strategy in place. The importance of conducting field audits prior to 
the construction phase was also presented. The results from the detailed cases provided a link 
between land valuations and survey infrastructure by placing monetary values on marks and 
expressing the connection as a percentage value in real dollars.  
The case studies revealed that then level of marking practices needs to be raised as the doctrine of 
leaving marks behind for future generations has declined over the last few decades. The research 
showed that placing a permanent survey mark is far superior to placing a SSM, however the newly 
designed SSM should reduce the large scale losses of SSMs that is occurring at present. An aim was 
to examine reference marks and location placement to determine the most appropriate place and 
type to be used. This project found that concrete structures are not as permanent as once thought 
and that placing a mark in a cover box will prolong the reference mark’s longevity. If this is not 
achievable, placing a boundary, reference or bench mark token that commands respect will give the 
mark more authority and potentially educate the public.    
This research set out to better understand the ownership rights around survey infrastructure and 
who is the ultimate owner. The findings revealed that the Surveyor General is the absolute owner, 
with delegation to the LPI for management and maintenance. However, the research found that 
there was a general consensus that the community or general public has ownership rights as they 
are the main benefactor of the infrastructure.  It also concluded that Councils need to play a higher 
role as they are one of the largest destroyers.  
GNSS was discussed at length and an aim was to determine whether it can replace traditional 
monuments moving into a digital world. This project found that there is an absolute need for GNSS 
and active CORS networks as positional infrastructure and that it is essentially survey infrastructure 
in itself. The literature review concluded that Australia’s land administration system, which is based 
on common law, is reliant on the hierarchy of evidence and expressed intentions, which cannot be 
articulated in the form of mathematical equations. The absolute need for ground markings is still 
required today and GNSS is another measuring tool which still requires connection to the Earth.  
Marshall (2002) stated that “the spatial information needed for the next millennium will move away 
from the physically marked, unintegrated survey system of the past. It will be an information system 
based on rigorous spatial fixation related to absolute positioning in real time”. The findings of this 
research substantiates this quote as society is moving towards an autonomous world, however until 
our legal framework and administration systems support a digital cadastre with dynamic datum, it is 
likely that the status quo will be maintained.  
By achieving the aims and objectives of this research, this project will be successful in making a 
meaningful contribution to the profession and has provided a detailed understanding of how to 
move forward with the future management of survey infrastructure. Chapter seven will outline 
recommendations by the author to further achieve this realisation.  
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6.2. Future Research 
 
This dissertation has brought several issues to light and has identified specific gaps in the subject 
area. Before this research was undertaken there was a conceivable knowledge gap in understanding 
the issues associated with preserving survey infrastructure, GNSS co-ordinates to replace 
monuments, ownership, the legislative requirements, and links to common law. This research has 
now bridged that gap, however it has also identified areas that require further research.   
The use of GNSS in boundary reinstatement is becoming more and more common, however the link 
between the hierarchy of evidence for reinstatement and current marking practices, heavily relies 
on ground monuments. Moving into a digital world and active GNSS networks, how to establish this 
link with little to no monuments could provide advantages.  
Crowd sourced data from websites such as Geocaching Australia provide a wealth of credible 
information to the spatial science profession, further investigation is required  into how to best 
utilise this data source.  
Cover boxes have been determined to be an appropriate means to preserve survey infrastructure 
with the additional benefit of raising awareness to the general public. Although the cost of steel 
cover boxes can be considered high, this research determined that plastic overed boxes are not 
suitable for the Australian environment, due to their flammable plastics. Further testing and 
research to achieve a higher fire rating could provide the profession with a cheaper alternative to 
steel cover boxes.    
DBYD has been proven to be an effective tool to not only preserve infrastructure but raise 
awareness of what the infrastructure is used for. This research showed that 25% of NSW Councils 
are already members of this service. If these Councils added survey infrastructure as an additional 
layer into their asset management system this would solve the majority of the costing concerns 
raised by the key stakeholders. Further research is required into how to encourage Councils to 
implement this strategy.  
After the bulk of the research for this dissertation was completed, a presentation at a conference 
attended highlighted a forthcoming project entitled ‘XML back capture’ being undertaken by LPI. 
This project will also have some bearing on the aim of this dissertation as it could give the ability to 
quantify survey reference marks. Since this this project commenced too late to be included in this 
research, it is recommended that further research in this area is undertaken also analyse this project 
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Chapter Seven   
7. Recommendations 
 
7.1. Author Recommendations 
 
The question was asked as to whether survey infrastructure in its current form is adequately 
administered to meet the needs of modern society and its future aspirations. This research outlined 
several gaps in the topic area and met the aims and objectives that were established. This research 
forms the foundation needed to ensure the longevity and future ambitions for survey infrastructure 
for both the profession and the community. From the inception of this project it was envisaged that 
a set of recommendations be developed to support and substantiate the future management of 
survey infrastructure. The 10 recommendations listed below, if adopted could assist in shaping the 
future use, management, understanding and appreciation of survey infrastructure.  
1. Insert survey infrastructure into an asset management database administered by each 
local Council. This assigns a monetary value on the individual asset which can be financially 
reported on. Budgets, maintenance cost and other financial reporting can then be calculated 
to ensure its longevity.  
 
2. Councils or organisations that are asset owners in DBYD to complement existing layers by 
inserting survey infrastructure in DBYD database. Adding survey infrastructure as an 
additional asset layer will not cost the participating organisation any additional fees as there 
is no relationship between the quantity of assets identified in search area and costs incurred. 
 
3. Surveyor General or delegated authority to ensure prosecution of offenders to set 
precedence. If precedence is set it will place a greater emphasis on the importance of survey 
infrastructure and reinforce that offenders will suffer the same consequences, as with all 
other service utilities.   
 
4. Councils to utilise development consent conditions to include preservation of survey 
infrastructure. Councils are in a unique position to leverage conditions of consent to ensure 
survey infrastructure is managed appropriately. The majority of consent links the conditions 
to final occupation certificates and all conditions must be satisfied prior to release of that 
final certificate.    
 
5. Place survey marks in cover boxes in earth rather than concrete structures. Concrete 
structures have a short life span and there is a higher chance that marks placed in these 
structures will get disturbed or destroyed. Buried marks in cover boxes stand a greater 
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6. Increase marking standards by placing boundary, reference and benchmark tokens that 
command respect. Surveying is a profession and as such should adhere to the highest 
professional standards possible. Placing tokens that clearly express the intention of the mark 
will demonstrate to the public its purpose and command greater authority.    
 
7. Install permanent survey marks over state survey marks. Although the SSM mark type is 
not necessarily the issue, SSMs are commonly placed in concrete structures, which have 
been shown to have limited life spans. Permanent survey marks are generally placed in bare 
earth in cover boxes which stand a greater chance of survival.  
 
8. Ensure that critical infrastructure is not placed in the public thoroughfares and placed in 
community lands. ‘Marks in parks’ motto. Public thoroughfares suffer the greatest amount 
of development and as such anything located in that space will be affected by this 
development.  Community lands like parks have strict planning regulations that govern how 
they are managed. Marks placed in these areas area more likely to survive longer.  
 
9. Strategically monument significant buildings or structures outside public thoroughfares in 
highly developed precincts. Significant buildings or structures, like heritage listed items, 
again have strict planning schemes protecting them. Placing a reference token or type 15 
SSM in these structures will prolong the marks longevity. 
 
10. Investigate how best to utilise unconventional methods such as geocaching. There is a real 
opportunity for Government to used crowd sourced data that has creditable metadata 
attached. Providing the public with an ownership sensation can only increase survey 
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Appendix B- Alignment Plan R2-2585 
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Appendix C- LINZ Think twice before you dig pamphlet 
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Appendix D- Sydney City Council, Technical specification manual 
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Appendix E- LPI Protection of survey marks Information sheet 
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Appendix G- Ethics Approval 
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Appendix H- Results from questionnaire 
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Appendix J- Plastics heat resistance data sheet 
 
 
 
 
 
